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I. INTRODUCTION 


The Microgravity Science and Applications (MSA) Program is directed toward 
research in the science and technology of processing materials under conditions of low 
gravity to provide a detailed examination of the constraints imposed by gravitational 
forces on Earth. The program is expected to lead, ultimately, to the development of 
new materials and processes in commercial applications adding to this nation’s 
technological base. The research studies emphasize the selected materials and processes 
that will best elucidate the limitations due to gravity and demonstrate the enhanced 
sensitivity of control of processes that may be provided by the weightless environment 
of space. Primary effort will be devoted to a comprehensive study of the specific areas 
of research which revealed potential value in the initial investigations of the previous 
decades. Examples of previous process research include growth of crystals and 
directional solidification of metals in the quiescent conditions in which gravitational 
fluid flow is eliminated; containerless processing of reactive materials to eliminate 
reactions with the container and to provide geometrical control of the product; synthesis 
and separation of biological materials in weightlessness to reduce heat and mass transfer 
problems associated with sedimentation and buoyancy effects; identification of high 
vacuum characterization associated with an orbiting wake shield; and minimal knowledge 
of terrestrial processing methods. 

Additional effort will be devoted to identifying the special requirements which 
drive the design of hardware to reduce the risk in future developments. Examples of 
current hardware studies are acoustic, electromagnetic, and electro-static containerless 
processing modules and electrophoresis separation devices. 

The current emphasis on fundamental processing science and technology in 
selected areas will continue as the Microgravity Science and Applications Program 
addresses problems of interest to the public and private commercial sectors which can be 
resolved by recourse to the space environment. 

Emphasis will be placed on the expansion of currently funded activities for 
ground-based and space flight investigations to maximize the outputs from these 
opportunities. Initiatives requiring new hardware will be encouraged at a low level until 
funds can be made available. The expansion of current efforts is occurring as a result 
of focusing support for current space flight investigations on forming facility experiment 
teams to provide advice and identify future involvement. Emphasis has been placed on 
experiments involving the Materials Experiment Assembly and Mid-deck experiments on 
the Space Shuttle. 

The Microgravity Science and Applications Program Task Document covers the 
period of January 1987 - January 1988. The document includes research projects 
already completed as well as those now being funded by the Office of Space Sciences 
and Applications, Microgravity Science and Applications Division, NASA Headquarters. 

The Microgravity Science and Applications Division wishes to thank the 
Universities Space Research Association (USRA) and in particular Ms. Elizabeth 
Pentecost for her efforts in the compilation and publication of this report. 
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Fluid Flow in Crystal Growth: Analys is qL tMYertical Bndmm and FloalUlZ Z oiK 
Process 

Massachusetts Institute of Technology 
Professor Robert A. Brown 

NSG-7645 (NASA Contact: R.J. Naumann, HQ) 

October 1, 1987 - September 30, 1988 


Fundamental understanding of the interactions of heat and «l»n, melt 
flow and the morphology of solidification interfaces art t cruc.al d “ * d f 

interoretation of experiments aimed at microscopically controlled ^hdil ication o 
^ u a ‘ -r, cnrir-p Thi<; research program focusses on analyses of t e 

SS^SSS^ImS processes for growth of semiconductor 
crystal? and on the dynamics of microscopic cell format, on m two-d.mens.onal 
solidmcation of binaiy alloys. Some of the most signif.cant results follow. 

1 We have completed a finite-element-based simulation of the the ;™ lc ^ dl " y h 
model for small-scale floating zones tat includes ax, symmetric flu, d flow ,n the 
.» d iven hv either buoyancy-driven and surface-tension convection and 
t Von of the feed and costal rods. The simulation has been used to study 
“ ft growth oTsiS germanium and NaNG 3 . Calculations of solute 

segregation in these systems is underway. 

0 We are completing the development of a numerical simulation for the time- 
dependent flow and interface morphology in directional solidification for «on- 
dilule alloys- 0 The simulations will be used to predict the compos, tion fields and 
trnface morphology in crystals grown by gradient freeze and the vertical 
Bridgman Stockbarger method. 

1 A ct„Hv nf the existence of a fundamental mechanism for wavelength selection 

‘ in solidification of two-dimensional cellular interfaces from a binary melt base 
on large-scale numerical simulations has shown that steadily solidifyi g 
structures^,, possible for a coutiuuous range of wavelengths. Tips conclusion 
opposes results for more idealized solidification systems where mechanisms for 
selecting a specific wavelength of the microstructure exist. 

4 We have completed the design and construction of a two-dimensional 
' Tolidification experiment capable of tracking the development of microscopic 
interface morphologies in transparent melts and are testing this device for 
solidification of an acetone-succinonitnle alloy. We are completing an 
exhaustive set of theoretical predictions for this system. 


Publications 


Rrown R A "Modelling of Transport Processes in Melt Crystal Growth," in 
Proceeding s of Firs, Inter national Conference on 

(C.G. Law and R. Pollard, eds.), Springer-Verlag, 1987, pp. 354-386. 
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Adornato, P. M. and Brown R A "Thp a . ^ 

^ I^SoI^d i ri<^ t^j n 'of ' B^ria^r^ in 

^“«°>SS3£JS: ( a: SSMS. 0 '' Micros,ruc,ured Fluids -" ta ^ 

Brown, R. A., Numerical Analysis of Solidification Microstructurp " in <?> 

Research in Chemistry and Chemical Eneinerrin* * \ Supercomputer 

(DC. Truhlar and K.F. Jensen, eds ), ACS 1987,' pp “ V °'“ m ' 353 

Bennett, M, J., Brown, R. A and Unear T r "M^«r T 

Structures of Differing Wavelengths in^'tLl &?iSS”taT ° f i"‘ erfa f 

W '“ ,W ^^iun, „„ the PHysics of S.rucure FoodZo’l 987 °‘ " 

183 . 95-121 (1987), PS W1 ™ ^ ur ^ ace Tension, J. Fluid Menh 

in the Breah- 

Fluids ? l ”’.!wi ^Brown, R. A., "Dynamic Centering of Liquid Shells," Phvs. 

S wif h r^/" tar 

Journal Review," A.I.Ch T press)^ 5 *" S 1 " 8 ' 6 CryStal Growth fr om the Melt: 

Boundary Conditions on the 

Convection," Phvs. Fluids 1988 (submitted). Two-dimensional Rayleigh-Benard 
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J Fluid Mech., 1988 (submitted). 

77 a „d Lea. L G -Numeric. Methods for Viscous Free-Surface Flows.' 
Brown. R. A. ana Leai, •> . 

Ann Rev. Fluid Mech, , 1988 (submitted). 

Duranceau, J. L. and Brown R A ^ ^ 

Zone Shape in Small-Scale Floating Zones, LAjysi 
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F undamentals o£ Electronk Cryst al Growth 


NASA Lewis Research Center 
Dr. Hugh R. Gray 
In-House, 

October J, 1987 - Continuing 


{Roberts aj) 

during the 3M m"!;™ " Uid . fl °" which >™d occurred 

experiments have been completed The i • f 0 / 8anic Solutions) space 

among researchers from 3M, MSFC and LeRC 1° l* 0 ” ? f th,S collaborativ e research 
during the space experiment can be simulated! o th ' S ° K 1Utl0n mixin § wh ^ occurred 
the (Ap) g products equivalent; a simple model o^chann^f^ expenments b y making 
pressure differences can be used to estimate™ ° f Channel f,ow driven by hydrostatic 
based experiments suggest that some mixing the rCSults of these g™und- 

DMOS space experiment. 1,8 natUraI Convection did occur during the 

For future space experiments, convection can be reduced by 

reducing Ap (using deuterated solvents) 
maintaining g parallel to the initial density gradient 
reducing the width of the mixing chambers " 

jitter (for shuttle^ IpUcatl^f In fluldmbdn ^ ^ 8WUnd experimen ts) and g- 

and analytically. One of J ‘ esults o Z b ° th —fcally 

scale Kelvin- Helmholtz and Rayle gh -Taylor ^S^bflit ' t0 Sh ° W that sma » 

the interface of the two fluids. ' These instabi SI ^ u generated b V 8-jitter at 

and greatly affect the nucleation rate of crystals and ^_ CaUSe chaotlc mixing of the fluids 

cue ui crystals and cause growth defects. 

of nir ^tMialbLSgiidilje4J a e i l d ChloriHp m„„,. 

In collaboration with the Westinehouse R^n . 
directionally solidified lead chloride material ’c k • nter ’ a com Pl et e analysis on 
Photographic observation of the solid iSdintef” 8 COnducted ‘ Eff °rts are focused on 
temperature gradient and the translation vie ^ 3t S6Veral G/V ratios (denoting the 
of the interface and optimize the gr0 w t h conditLr^^'^ t0 StUdy the m ^phology 
effects of segregation by doping lead chloride with silver ^ WlU investigate 

and Kasseml) 

radiation can influence and CXtent by which thermal 

enclosure. This is being accomplished by a systemic l^ 3 V3P ° r transport insid e an 
intricate interaction between radiation and nat i Parametric study to delineate the 
focused on measurements of Experi ™"ta> studies are 

Future experiments are being planned to measure tht posed te ™Perature profiles, 
theoretical and experimental effort will heln design f t ° wand temperature combined 
where it is suspected that radiation p/1 a SlSnt ,T r08ravity exp ^iments 
addressed. piays a Slgn,f,can t role but up to now has not been 
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Mathematical Modeling of Directi onal Solidification (Chait, el a ll 

A 3-D fluid dynamics and heat transfer code is now available. This code is a 
finite-element based solver which can be used in a arbitrary geometry boundary 
conditions, initial conditions, etc. The code can handle both steady and transient flows. 
We are currently utilizing this code for simulating both directional solidification and 
float zone processes. Solidification is simulated using two approaches. The first method 
is an enthalpy formulation on a fixed grid, and the second uses an adaptive grid in 
which the mesh deforms during the solution process. Both approaches can handle 
different materials properties for the solid and the melt phases, as well as resolving the 
heat of fusion at the interface. Output includes both numerical and graphical 
representations of the entire flow and temperature fields, including auxiliary information 
such as interface shape and location. 

The present code is limited to pure materials, with dopant concentrations to be 
determined during post-processing in a limited way. The full problem of the therma 
and solutal fields (with up to two extra solutes), consistent with the phase diagrams and 
appropriate boundary conditions is expected (with some qualifications) to be attainable 
within the next year. 


An axisymmetric fluid dynamics, heat transfer and one solute solver is also 
available. This code is finite-element based, and it is specifically designed for 
simulating directional solidification in cylindrical ampules. The code can predict the 
flow, temperature and solutal fields for a steady-state solidification of dilute and non 
dilute alloys. Full time transient capabilities are currently being added to the code. 


Publications 


Roberts G O, Sutter, J. K., Balasubramanian, R., Fowlis, W. W., Radcliffe, M. D., and 
Drake, M.C., "Simulation of Fluid Flows During Growth of Organic Crystals in 
Microgravity," NASA TM-88921, 1987. 

Radcliffe, M. D„ Drake, C. M.. Fowlis, W. W„ Alexander, J.I.D., Roberts, G. O., 

Sutter, J. K., and Bergman, E., "Fluid Flow in Low Earth Orbit," Polymer Prepri nts 27, 

463-464, (1987). 

Simulation of Fluid Flows during Growth of Organic Crystals in Microgravity , NASA 
Lewis Research Center Research and Technology Annual Report, 1988, NASA TM- 
100172. 

Fowlis, W.W., Roberts, G. D„ Drake, M„ Radcliffe, M., and Roberts, G. O., 
"Determination of the Flow in the 3M Company’s Space Crystal Growth Experiments, L 
Fluid Mech. . 1988 (accepted). 

Jacqmin, D. and Duval, W., "Small Scale Instabilities Caused by Oscillating Accelerations 
Normals to Viscous Fluid-Fluid Interface," J. Fluid Mech., 1988 (accepted). 
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Presentations 


Sutter J. K Fowhs, W. W., Duval, W., and Jacqmin, D., "Convective and Diffusive 
Modeling of Microgravity Experiments," presented at AIChE-Twin Cites Section 
February 1987, Minneapolis, MN. 


Duva!, W. B Jacqmin, D. A., "Dynamics of Two Fluids Under Periodic Acceleration " 
1st National Fluid Dynamic Congress, July 24-28 1988, Cincinnati, OH. 

Roberts, G. D., Chit, A., Arnold, W. A., Balasubramanian, R., Bonner, M. J., and 
oung, G. W "Ground Based Simulation and Modeling of Liquid/Liquid Mixing under 
Microgravity Cond.tions," to be presented at 1988 ASM Material Week, International 
Materials Congress, September 26-30, 1988, Chicago, IL. 

Taghavi, K. and Duval, W. W.,"Effects of Furnace Temperature Profile on the Interface 
Shape During Bridgman Crystal Growth," to be presented at the 25th National Heat 
transfer Conference, Houston, TX, July 1988. 
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Growth Kinetics of Physical Vapor Transport: Crystal Growth of an Ovto-Electronic 
Material , Mercurous Chloride 


Westinghouse R&D Center 
Dr. N. B. Singh 
NAS3-25274 


For the optical and acousto-optic devices refractive index of the material should 
be very uniform and the optical scattering should be low. This can be achieved by 
growing homogeneous, extremely pure and stress free crystals. For this reason, the 
crystal growth and transport behavior is being studied in transparent cylindrical 
ampoules under 1 g conditions. The present experiment should yield detailed insights 
into the relationship among convective phenomena, growth kinetics and, subsequently, 
the high quality of the crystal. The data from the ground-base experiment will be used 
to develop a flight experiment so that advantage of the microgravity environment to 
space can be used to enhance the optical homogeneity. 

The experiment is being carried out to define the effects of convective 
phenomena on the growth mechanisms and properties of the opto-electronic crystals 
grown by physical vapor transport. Mercurous chloride, which exhibits an anomalously 
slow sound velocity, a wide range of transparency, large birefringence, and very high 
acousto-optic diffraction efficiency is the material under study. Since the material is 
transparent and transports congruently we are investigating the relationship between 
growth parameters, convective behavior and morphology of the solid-vapor interface. 
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Crystal Growth o£ Organic, and, Pojjmeric Material 


Marshall Space Flight Center 
Dr. Marcus Vlasse 
In-house 

January 1987 - Continuing Task 

The objective of this work is the crystal growth of bulk single crystal of high 
quality and perfection for eventual use in non-linear optical applications. The growth of 
such crystals requires accurate control of the environment at the growth interface, 
particularly in the liquid phase. Thermal or solutal fluctuations in the fluid phase can 
give rise to inhomogenities and physical defects in the growing crystal. Convection due 
to the above fluctuations is thought to be detrimental to the control of the growth 
process and is generally a cause for many or the ingrown imperfections. The 
understanding ans control of convection in crystal growth processes in ground-base 
experiments and the use of reduced gravity environment will facilitate the production of 
single crystals and polymeric films. 

The program consists of two tasks: (1) ground-based experiments on the melt 
growth by directional solidification of several mode substituted diacetylense, and (2) 
solution crystal growth of the same diacetylenes from organic solvents and growth of L- 
arginine phosphate from aqueous solutions. This latter material is considered very 
promising for NLO applications. The aspects to be studied will be the influence of 
thermal gradients and concentration gradients (solution growth), growth rates, and the 
influence of convective flows on the growth process and perfection of the grown crystal. 
Correlations between growth conditions and size and quality of crystal will be 
established. 
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Heat and Mass Transfer Control in Directional So lidification 


Massachusetts Institute of Technology 
Professor August Witt 

NSG-7645 (NASA Contact: R.J. Naumann, HQ) 
January 1987 - January 1988 


The heat pipe based, 3-zone Bridgman growth system, developed under this 
contract was modified to a) permit monitoring of all functions and growth control 
through an IBM PC/XT, b) allow for growth of CdTe with vapor pressure control 
through the installation of an additional hot zone and c) accomodate a superconducting 
magnet providing for growth with axial fields of up to 30 kgauss. 

Ga-doped Ge was grown at a displacement rate of 10 micro m /s in vertical 
Bridgman/Stockbarger configuration with an applied axial magnetic field of 3 T. A 
composition analysis of the single crystal grown showed that diffusion controlled 
segregation (absence of convective interference with mass transport at the growth 
interface was achieved in quantitative compliance with Tiller et. al.) for the first 2 cm 
of regrowth. The results suggest that the value of the solute diffusion coefficient in 
liquid Ge is 1.7 E -4 rather than 2.1 E -4 cm 2 /s as generally assumed in the open 
literature. 

Most recently, we have been successful in developing an optical approach to the 
rapid determination of the micro-distribution of free charge carriers in doped elemental 
and compound semiconductors. This technique permits, for the first time, on a 
microscale the establishment of quantitative cause and effect relationships between 
crystal growth parameters, growth conditions and crystal properties; it is expected to 
enhance significantly our ability to assess the potential of a reduced gravity environment 
for research in electronic materials processing. 


Publications 


Matthiesen, D. H., Wargo, M. J., and Witt, A. F., "Crystal Growth," in Opportunities for 
Academic Research in Low Gravity Environment , Volume 108 (G.A. Hazelrigg and J.M. 
Reynolds, eds.), AIAA, 1987, pp. 125-143. 

Witt, A. F., "Electronic Material Processing and the Microgravity Environment,” in 
Proceedings of Symposium on Commercial Opportunities in Space: Roles of Developing 
Countries (K.E. Harwell and F. Shahrokhi, eds.), AIAA, in press. 

Matthiesen, D. H., Wargo, M. J. Motakef, S., Carlson, D. J., Nakos, J. A., and Witt, A. 
F., "Dopant Segregation during Vertical Bridgman-Stockbarger Growth with Melt 
Stabilization by Strong Axial Magnetic Fields," J. Cryst . Growth, in press. 

Matthiesen, D. H., Wargo, M. J., and Witt, A. F., "Melt Stabilization during Crystal 
Growth: A Comparative Analysis of the Effectiveness of Magnetic Fields and Reduced 
Gravity," J. Crvst. Growth , submitted. 

Lin, C., Carlson, D. J., and Witt, A. F., "Growth Related Residual Strain in LEC GaAs," 
J. Crvst. Growth . 1988 (accepted). 
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Carlson, D. J. and Witt, A. F., "Determination of Free Charge Carrier Distribution and 
Micro-Segregation of Dopants in n-Type GaAs,” J. Crvst. Growth . 1988 (accepted). 
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Caj2illa£l Conyection with C rystal Growth 


University of Michigan 
Professor Wen-Jei Yang 
NAG3-903 (NASA Contact: A.T. Chai) 
May 1988 - May 1990 


Marangoni effects play a significant role in natural convection within a drop 
evaporating on a plate. It is proposed to study interfacial "turbulence (namely 
Marangonf Instability), internal flow structures and evaporation rate when crystal grow 
occurs in the sessile drop. Both shadowgraph-schlieren method and holography 
interferometry will be employed in the experimental study, while a numerical technique 
will be used in the theoretical investigation. The effects of surface tension-controlled 
natural convection and evaporation rate on the growth of crystals will be determined. 
The crystal growth in both pure-liquid and binary-liquid drops will be investigated 
The crystal quality will be evaluated by x-ray diffraction and compared with the quality 
of crystals grown under buoyancy-controlled natural convection. The study offers the 
possibility of understanding the origin, formation and eventual suppression of defects i 
crystal growth from melt or in fabricating new alloys under surface tension-controlled 
natural convection It, therefore, has applications in melt (a higher temperature process) 
or solution (a lower temperature process) growth in order to grow better crystals on 

earth or in space. 
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2. SOLIDIFICATION OF METALS, ALLOYS 
AND COMPOSITES 


PRECEDING PAGE BLANK NOT FILMED 
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„< cmamrks. Emxmn s . o l S ikml Ni^md. Mo n 

Vanderbilt University 
Dr. Robert J. Bayuzick 
Dr. M. B. Robinson, MSFC 

NAG8-536 (NASA Contact: M.B. Robinson, MSbC) 

July 17, 1985 - July 31, 1988 


Research is being conducted on the effect of containerless processing of alloys in 
a low-gravity environment. The primary goal is the better understanding , of deep 
undercooling and its effect on microstructure and proper ^ ^ 10 « me^er drop tub 

Ge alloys ot compositions ranging from tinnidns 

mmTe)^ P '° Pe,liCS 

were extensively characterized. 

More recently work has focused on Pb-Pt and Nb-Si alloys ranging in 

More rece \ DerC ent alloy additions. Undercoolings ranged from 

f 5 of .he° hqu^dus temperature (absolute undercooling as high as t 17. K). 

Investigations included scanning electron microscopy, x-ray 

phases have been noted However, unique m.crostructures are observed. 

wereas E 47a?rrr^^ 

EotZTs'krs^ 

“iri'xr 1 set ssrs rztzL'::;^ i * 

responsible for the surlace nucleation. 


Publications 


Evans, N. D„ Hofmeister, W. H.. Bayuzick, R. J.a"d Robinson M. B„ "Solidification 
of Nb Alloys in Long Drop Tubes, Met. Tran s, T7A, 9 ( 


Hnfmeister W. H. Evans, N. D„ Bayuzick, R. J., and Robinson, M. B., "Microstructures 
of Niobium-Germanium Alloys Processed in Inert Gases in the 100 Meter rop u e. 
Met. Trans. 17 A, 1421 (1986). 


Bayuzick, R. J., Evans, N. D„ and Kenik, E. A "Metas, able Structures in Drop Tube 
Processed Niobium Based Alloys," Adv. Space Re s, >, 123 (1986). 
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Sgiidijicetiw E m mm. el mirnmiL earn Remlmid m dlM CommMiss rndg h o 
and MjcroRIMM Conditimi 

Massachusetts Institute of Technology 

Dr. James A. Cornie 

Professor Julian Szekely 

Dr. O. J. Ilegbusi 

Dr. Z. Raczynski 

NAG3-308 


The current research is pursuing two complementary and related directions: 

(1) process development and slurry rheology studies and (2) mathematical modelling 

the various processes. 

The process development phase of the work was concentrated on t he development 

SSSHSBi 

injection molding of slurries. 

The mathematical modelling component involves the following two key items: 

We have developed the equations goerning the electromagnetically driven 
flow h of melt-slurry suspension through the combined solution of Maxwells 
equations and the non-Newtonian equations of motion. 

We have also developed a model representing the behavior of n0 "-^ e ^°" ,an 
melt-suspension which is being agitated mechanically using a paddle 


Important milestones of the project include: 


Development for the inclusion and dispersion of ceramic P^ulates into a 
molten metal without the usual incorporation of porosity. Patents are b g 
filed on this technology. 

Mathematical models have been developed for the non-Newtonian sem, -solid 
slurries for both electromagnetic and mechanically driven flo . 

Piitnrp directions include' (1) developing uniformity in dispersion distribution 

(2) evaluation <ff TiUeTfaciT^reactions betwee’n the reinforcements and molten magnesium 

illov matrix- (3) slurry forming and solidification studies, comparing theoretic , 

(4) mathematical models with experimental measurements, and (5) conceptual design 

microgravity experiments. 
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Publications 


Hegbusi, O. J. and Szekely, 

Electromagnetically-Stirred 

Hegbusi, O. J. and Szekely, 

Electromagnetically-Stirred 

Hegbusi, O. J. and Szekely, 
Trans. Iron & Steel Inst. Jar 


J., "On the Flow Criteria for Suspending Solids in 
Melts, Met. Trans. B 1987 (in press). 


J-, Criteria for Particles Engulfment by an 

jLColloid & Interface Sri 1987 (j n p res s). 

J " "To h o% EleCtr0magnetiC Stirrin 8 of Non-Newtonian Fluids - 
ian, 1987 (in press). 
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Braze Metal Flow in PUmar. CamUmei 


Massachusetts Institute of Technology 

Professor T. W. Eagar T aqa 

NSG-7645 (NASA Contact: R.K. Crouch, NASA Q) 

October 1, 1986 - September 30, 1988 


There is considerable evidence SU ‘ "fj ^nLed^ Vhe 'gral of the proposed 
weldments if the defects at the join c ° u f a braze a ii 0 y advancing in a planar 

research is to the flow and that produce the instabilities, 

by the addition of an approprtate gradient. 

Two methods were proposed a, the beginnmg of 
may be measured; (1) solder flow m S^s c ap.llar.K a dJ2) a (hin capiUary , 

capillaries using infrared thermograp y. interfacial tension to inertial forces. By 

presumably due to the relative y grea o ' spacing it may be possible to stabilize the 
imposing a geometric gradient in h, capillary J^cing, U ^ ^ 

interface. Another known van , same as a relatively larger interfacial 

roughness, where greater roughness > or dients i n surface roughness may 

tension. This suggests that transver ’ var ; ab i e i s the composition of the solid 

stabilize the braze front coatings might provide a 

being wetted. Gradients 1 buovancy forces are known to be important in 

we,. Stabilize the interface 

merely by reducing the Rayleigh number of the system. 

These tests with glass slides, and * h «" '"cuTn^rch is 
thermography chamber have consumed aUoy flow in planar capillaries. This 

^ r r s,ability under 

Thermal! geommric and compositional and roughness gradients. 


29 


Modej l m mjscihle Systems 


NASA Marshall Space Flight Center 

Dr. Donald O. Frazier 

In-House 


mce the study of transparent immiscible systems has Hpph on * 

Of investigating metallic monotectic allovs it ; c ™ * has been an important method 

observations in the model sys^ms to memmv imP f ° rtam t0 SUitab,y § eneraliz e from 
transparent svstems has focused on nm m0 "° eCtlCS ' Recent work on model 
interactions to assess subsequent eff^tTn SOlUtl0n COmponent a "d surgae 

through the monotectic temperature mac ; os f ; egati on during fast quenches 
gap itself can serve as a fo^certain 1 ^ exiStenCe ° f the “Ability 

solution, for example, deviations from id ea i ^ ^ er,n0dynamic characteristics of the ' 
completely as possible the kev thermnH - y ’ 1S appropnate to determine as 
system. From the model study directions a ma C v Param f terS f ° r 3t Ie3St ° ne Such modeI 
could result in better control of ingot microstructure ^ 

homogenize Sh ° WS 3 Si8nifiCant p f 

These shifts influence loSSS”?"® ; urface ,ndUCed compositi °n shifts. 
Relative effects between high and low equilibration^^ 6 ™*^ small ' volume samples, 
respect to the isopycnic temperature Eau b Tn 3PPear t0 vary with 

the isopycnic temperature in hydrophilic containers So!utions above 

and larger heat release than equilibrations helnw tu g enera,1 y re sult in "less undercooling" 
ordering exists in similar solSs fa temperature ' No such 

postuate from partial molar volume oalcltions t“at a^ ,^1™° COntainer ^ We 
homogeneous succinonitrile-water svstems » ' e 1S0p y cnic temperature, all 

temperature, solute-solvent ag^^^ Above and beI °- this 

affinities are present, tese agjregftes wl ?„ ill '“S and lf Str0ng s °lute-container 
significant specificity ggregates Wl11 influence rad.al composition profiles with 


solution has been successful in giving 1 ci^ ° f 3 SUCcinonitrile - ben zene 

penetration depth into the bulk pS throlh a ? Spectra at 1- to 1.5pm 

crystal. Determination of preferential wettins nrnne t 6mde attenuated total reflectance 
succi nonitrile- rich and benzene-rich phases by use of^rr, 01 ! ^ se,emde with respect to 
that at room temperature, benzene-rich chases nrpfV 0I j tact an 8 Ie goniometer shows 
are differences in homogweous succinon^H f k i nt,aI J y wet zinc selenide. There 

heating and equilibrting at temperatures raneina SUrface spectr a apparent upon 
differences are currently under analyses to jfelrfrJ? m nea ^ monotectJC to critical. These 
on surface aggregation in these miscibility-gap type sysLmf " tGmperature eff ^ 

methods to ^etermine^refe^ duster profiles 0 ” 3006 Ram3n Spectroscopic 

systems at different temperatures nr ml i /, prof,les in succinomtrile-based 
Research Institute is performing ab initio self- 3 ^ ^ ^ oIphus E - M ‘ llia n Science 
the optimized geometries of thans and guache confr. Stent ^ ca,cuIatl0ns t0 determine 
degree of hydration for each conformed *„m * T, ° succinonitrile and the 

the group at MSFC will perform normal coordinate S eStab,,shed b y thi s approach, 
reasonable force fields to duplicate vihrafo f ? * analyses on complexes using 
amd bulk-phase Raman spectroscopic analyses ^ QUenCieS observ ed inthe surface FTIR 
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Publications 


Ecker, A., Alexander, J.I.D., and Frazier, D. O., "Simultaneous Temperature and 
Concentration Measurement in Front of Solidifying Monotectic Systems using the Two 
Wavelength Holographic Technique," in Proceedings of 6th European Symposium on 
Material Sciences under Microgravity, ESA SP-256, 1987, pp. 309-311. 

Facemire, B. R. and Frazier, D. O., "Separation Processes in Monotectic Systems," Res. 
Mechanica . 1987 (in press). 

Ecker, A., Alexander, J.I.D., and Frazier, D. O., "Fluid Flow in the Melt of Solidifying 
Monotectic Alloys,” Met. Trans. . 1987 (submitted). 
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Gravitational Effects on Liquid Phase Sintering 


Rensselaer Polytechnic Institute 
Professor Randall M. German 
C. Kipphut 
A. Bose 
T. Kishi 

NAG3-744 (NASA Contact; Dr. G. Santoro, LeRC) 
October 1 , 1986 - September 30, 1988 


The focus of the research is on identification of the gravitational effects on 
liquid phase sintering. The primary concerns are with macroscale distortion of compacts 
(slumping, nonuniform shrinkage, and liquid migration) as well as the microscale effects 
as seen in solid content, contiguity, connectivity, dihedral angle, and grain size gradients 
due to sintering in a gravitational force. In addition to experimental measurements, 
theoretical work is in progress to predict the degree of solid-liquid separation possible in 
attaining the energy minimum associated with grain shape accommodation and 
gravitational settling. The determination of corrections factors necessary in liquid phase 
sintering grain growth laws are being determined based on contiguity and coalescence 
measurements. A change in coarsening mechanism is sought associated with the 
termination of grain coalescence. 

To determine the role of gravity in liquid phase sintering, the tungsten heavy 
alloys have been selected as the study basis. These alloys consist of high contents of 
tungsten, with a matrix (W-Ni-Fe) that is liquid at the sintering temperature. The large 
density difference between the liquid and solid phases induces segregation during 
sintering. The segregation that occurs during sintering can be seen by microstructural 
gradients and compact distortion. Several test geometries and experimental conditions 
have been studied to date, including intentional changes in compact height, tungsten 
content, sintering time, and sintering temperature. It is clear that gravity causes 
substantial changes during sintering when the liquid content is high. There are gradients 
in the liquid content, grain size, contiguity, connectivity, and dihedral angle that depend 
on the alloy content, sintering time, and sintering temperature. Likewise, mechanical 
property tests have been performed to correlate the microstructure with the expected 
properties. These studies are being coupled with theoretical calculations of 
microstructural coarsening and grain shape accommodation to establish the role of grain 
rigidity (connectivity) and liquid viscosity in determining the slumping conditions. We 
believe a model for the slumping kinetics is now possible. Furthermore, new concepts in 
microstructural coarsening are emerging with respect to the role of coalescence and 
solution-reprecipitation during liquid phase sintering. This work is laying the 
foundation for critical microgravity experiments to experimentally establish the 
importance of coalescence to coarsening and compact slumping. 


Publications 


Kipphut, C. ML, Kishi, T., Bose, A,, and German, R. M., "Gravitational Contributions to 
Microstructural Coarsening," Progress in Powder Metallurgy 43. 93-106 (1987). 

Kipphut, C. M., Bose, A., Farooq, S., and German, R. M., "Configurational Energy 
Induced Microstructural Changes in Liquid Phase Sintering," Met. Trans. . 1988 (in press). 
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Kipphut, C. M. and German, R. M., "Alloy Phase Stability in Liquid Phase Sintering," 
Science of Sintering . 1988 (in press). 
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Solidification Fundamentals 


NASA Lewis Research Center 

Dr. Hugh Gray 

In-House 

1983 - Continuing 


The objective of this research program is to obtain a fundamental understanding 
of gravitational effects during solidification of metals and alloys. Experimental work 
underway can be divided into three major categories. First, experiments in support of a 
space Shuttle experiment on macrosegregation behavior in Pb-Sn alloys. Second, 
experiments aimed at obtaining a somewhat more fundamental understanding of 
dendritic and cellular growth, using a directional solidification apparatus. Third, 
experiments aimed at understanding the influence of undercooling on macro-and micro 
segregation behavior in bulk samples (> 20 grams) of binary Pb-Sn alloys. This 
experimental work is also being complimented by theoretical w'ork aimed at 
understanding these fundamental solidification phenomena. 
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The Role of Natural Convection on Crystallization from Vapor and Solution: A KC-135 
and Laboratory Study 


Desert Research Institute 
Dr. John Hallett 

NAS8-34605 (NASA Contact: V. Fogle, MSFC) 
January 1987 - January 1988 


The objective of this research is to investigate the role of buoyancy induced 
convection in crystal growth and the differences which occur during growth in the 
absence of such convection under low-g. 

Laboratory studies are being conducted on the role of convection in growth of: 
(a) ice vapor growth in presence of air (snow crystals); (b) ice growth from solution in 
presence of NaC ; and (c) sodium sulfate decahydrate from solution. Visualization of 
flow is achieved by Schlieren/ Mach Zender optics. Enhanced flow can be achieved by 
a wind tunnel or moving the crystal during growth. The system is uniformly 
supercooled so that the crystal grows into a well defined environment. Of particular 
interest is the facet - dendrite transition which occurs at a critical supersaturation/ 
supercooling, which is dependent on the ventilation velocity. This transition changes to 
lower supercooling/supersaturation with the absence of convection in low-g in KC-135 
flights. 


Water drops suspended at the interfaces of mineral oil/carbon tetrachloride 
(3 mutually immiscible liquids) are uniformly supercooled (.5 to 10 C ± 0.1 C) and 
nucleated by a single ice crystal with "c" axis oriented vertically or horizontally. Crystals 
grow through the liquid as thin dendrites parallel to the basal plane, and cease growth on 
reaching the opposite side. 

Slow lateral growth perpendicular to the basal plane subsequently occurs at the 
water periphery, which ultimately gives rise to dendrites growing parallel to the first, 
back into the liquid. Final solidification takes place by a solidification front passing 
through the dendrite mush toward the drop center. No fast dendrite growth or new 
crystal orientation occurs at the liquid-liquid interface as occurs in capillary tubes or on 
a metal/glass interface. Preliminary studies of ice crystal growth in thin supercooled 
films shows a uniform velocity around the periphery, with an apparent change in 
orientation caused by stress in the boundary film. 

These results show that crystallization of suspended spherical drops in low-g 
should, in addition to reduction of surface diffused impurities, also give a more 
characterized crystal texture and defect structure. There appears to be a transition in 
the nature of the crystal texture for thin films, which may occur at a critical thickness 
of the film. 


Publications 


Harrison, K., Hallett, J., Burcham, T. S., Feeney, R. W., Kerr, W. L., and Yeh, Y., “Ice 
Growth in Supercooled Solutions of Antifreeze Glycoprotein,” Nature 328 , 241-243 
(1987). 
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Knight, A. C., Hallett, J., and Devries, A. L., "Solute Effects on Ice Recrystallization: 
An Assessment Technique," J. Crvobiologv 25 . 55-60 (1988). 


Presentations 


Hallett, J. and Harrison, K., "Influence of High and Low Gravity on Convection Around 
Growing Crystals," AIAA 26th Aerospace Science Meeting, Reno, Nevada, January 1987. 

Hallett, J., "Propagation of Vortex Rings and Starting Plumes in High and Low g," AIAA 
26th Aerospace Sciences Meeting, Reno, Nevada, January 1987. 
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Michigan Technological University 


Dr. Angus Hellawell 
NAG3-560 (NASA Contact: Dr. 


R. L. Dreshfield, LeRC) 


July 15, 1986 - July 14, 1989 


The object of the research is to identify quantitatively, the conditions u ' 
which channel Segregation occurs during ailoy solidificanon and to seek methods of 
preventing such development. 

With vertical growth upwards, lead base alloys in the solidffieation^ 
characterized, the results i to Channels are considered to originate at, or close 

spacing in both metallic and aqueous systems. 


Publications 


Hellawell A„ "Local Convective Flow in Parti, Solidfication Systems," NATO AS1 
Series E 125, 3-22 (1987). 


tun ,r»n v "Channel Flow in Partly Solidified Alloys System,’ in 
" hr pLc rrmrmimn, Pergamon Press, I ,S7 (in 

press). 


Sarazin, J. R. and Hellawell, 
Comparison with the System 


A "Channel Formation in Pb-Sn, Pb-Sn and Pb-Sn-Sb and 

NH tCl-H-,0." Met Trans. A , 1988 (in press). 

4 4* 


Hellawell, A., "Channel I o 
Workshop on Solidification 


rmation During Alloy Solidfication." in hulo-US Scientific 
Processing, (R. Trivedi, ed.), ONR. 1988 (in press). 


Presentations 


, D t rtmiinweii A "The Influence of Thermal Gradient and Growth 
vXj") on the F„™a”n of Segregation Channels," presented a, A, ME Spring Meeting. 

Phoenix, 1988. 



' ,mt " which Ztozt m m QiMm ■■ 

George Washington University 
Dr. Herman H. Hobbs 

NAG3-642 (NASA Contact: L. Westfall, LeRC) 

January 1987 - January 1988 


j * • , objectives of this research task are: (1) the determination of advantages 

disadvantages, and special circumstances attendant upon annulment of earth’s surface 
g avity during nucleation and growth of metal crystals (especially whiskers) and (2) 

cnvecion 

sScS^jSi a vacuum chambe ' which wi " permit u ’ se ° r ,o » a " d 
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Structure of NJckel and Iron AlumillMes Prepared by_ R apid MldjlkMM Oli d 
Undercooling 


North Carolina State University 
Dr. Carl C. Koch 

NAG8-475 (NASA Contact: E.C. Ethridge, MSFC) 
August 1, 1984 - July 18, 1988 


The objective of this investigation is to obtain a basic understanding of the 
complex solidification structures found in the nickel-base aluminides during rapid 
solidification and undercooling. 

The NG-A1 and Fe-Ni-Al-C systems have been selected for study. Particular 
interest lies in fcc-like metastable structures in the Fe-Ni-Al-C system which can be 
revealed by rapid solidification. Rapid solidification studies are carried out in an arc 
hammer apparatus and by melt spinning at controlled and variable cooling rates. 
Undercooling experiments are conducted in the 100 m drop tube at Marshall Space 
Flight Center. Structural studies use x-ray diffraction and transmission electron 
microscopy techniques. 


Publications 


Chen H T., Myers, S. A., and Koch, C. C., "Rapidly Solidified Fe-Ni-Al-C Alloys: 
Metastable Phase Formation," in Proceedings of the 6th International Conference on 
Rapidly Quenched Metals , Montreal, Canada, August 3-7, 1987; to appear in Mat-Sci 
Engr, . March 1988. 


39 



Crystal Growth by Tw o ModiJjed_ Flnniuur-Zone Processes 


University of Wisconsin 
Professor Sindo Kou 

NAG8-705 (NASA Contact: S.L. Lehoczky, MSFC) 
March 1, 1988 - February 28, 1991 


Floating-zone crystal growth under microgravity, though essentially free from 
natural convection, can still suffer from undesirable Marangoni convection. To 
effectively reduce this convection while at the same time help produce single crystals of 
uniform diameter and smooth surface, it is proposed that two modified floating-zone 
processes be studied. The first of the two processes uses a ring heater in contact with 
the melt surface and the second a sheet heater immersed in the melt, both (heaters) with 
careful temperature control during crystal growth. The objective of the research is 
twofold: to help approach the convectionless condition for zonel-melting crystal growth 
under microgravity, and to insure good diameter control and surface quality of the 
crystals. 

The first part of the proposed work is the direct observation of Marangoni 
convection in the two processes, using a transparent material of high Marangoni number. 

e second part is the characterization of the two processes, with emphasis on effects of 
process variables and search for optimum growth conditions. The third part is the 

computer modelling of the two processes and the experimental verification of the 
computer models. 


At present the experimental work on the direct observation of Marangoni 
convection in the two processes, using NaNO, and silicone oil is being initiated. 
Computer models to describe Marangoni convection in the two processes are being 
developed. Preliminary calculated results for the process involving a surface ring heater 
have shown that Marangoni convection appears to be reduced significantly 
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Metallic Glass Research in Space 


Jet Propulsion Laboratory 
Dr. Mark C. Lee 
Dr. Taylor G. Wang 
James L. Allen 
NAS7-918 

October 1, 1985 - continuing task 


The objective of this research is to develop a space experiment to acquire 
thermodynamic properties of bulk metallic glasses over the entire undercooling region, 
with emphasis on the temperature region inaccessible by terrestrial techniques. 


Ground-based precursory experiments will be designed and performed in such a 
manner that all the critical parameters for the space experiment will be defined and 
validated. A logical approach to achieve this goal should include the following ground- 
based tasks: (1) development of a novel contactless calorimetry technique for specific 
heat measurements over the entire undercooling region of a bulk metallic glass sample; 

(2) measurements of specific heats and crystallization kinetics to precisely define the 
optimal candidate systems for the space experiment; (3) conceptualization of the data 
analysis technique for the space experiment; and (4) feasibility study of the metallic glass 
space experiment module. 

A noncontact true temperature measurement technique using a laser pyrometer 
has been developed that allows the accurate (± 2%) determination of the absolute 
temperature of the surface of any diffuse and opaque sample in the temperature range 
750 C to 1200 C. This range is currently being extended to over 2000 C, and the 
accuracy is being improved. An electromagnetic levitation coil has been fabricated that 
will be used in conjunction with the pyrometer to develop the contactless calorimetry 
technique. Several candidate systems in several temperature ranges have been identified 
as easy glass formers. Ground-based measurements of the specific heat have been made 
for Au-Pb-Sb systems. Preparation for a flight experiment proposal is in progress. 


Publications 


Lee, M. C. and Allen, J. L., "Noncontact True Temperature Measurement," Mat. Res ^ 
Soc. Svmo. Proc. 87 . 285-293 (1987). 

Lee, M. C. and Allen, J. L., "Noncontact True Temperature Measurement II," in 
Proceedings of Noncontact Temperature Measurement Workshop , NASA CP-2503, 1988. 

Lee, M. C., Fecht, H. J., Allen, J. L., Perepezko, J. H., Ohsaka, K., and Johnson, W. L., 
"The Glass Transition, Crystallization, and Melting in the Au-Pb-Sb Alloys," in 
Proceedings of Sixth International Conference on Rapidly Quenched Metals , 1987 (in 
press). 

Elleman, D. D„ Allen, J. L., and Lee, M. C., "Laser Pyrometer for Spot Temperature 
Measurements," NASA Tech Briefs , in press. 
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Levitation Studies of High Temperature Materials 


Rice University 
Professor John L. Margrave 
Shankar Krishnan 
George P. Hansen 
Robert H. Hauge 
NAG8-612 


This research is a proposed three-year program which is designed to expand 
capabilities for doing levitation research by moving into the microgravity of space. It 
will allow the establishment of highly reliable thermodynamic and other properties of 
elements like silicon and boron in both solid and liquid states, without the risk of 
container contamination. Also, the phenomenon of super-cooling, nucleation and 
kinetics of crystal growth which are so important in semiconductor development can be 
studied without the interference of gravity, vibrations, container impurities and dust. 
Studies will be conducted which yield monochromatic spectral and hemispherical 
emissivities of liquid boron and liquid silicon at various wavelengths and temperatures. 
Also, the densities of the liquids will be determined by a photographic technique at 
various temperatures. 


Research efforts over the past year have been focussed on: (1) design of optimum 
coils of levitation of good conductors (Hf, HfC, etc.) and of poor conductors (B, Si, SiC, 
etc); (2) design and construction of an optical system for photographic determination of 
liquid metals; (3) design and construction of a system for high-speed photography of 
levitated objects - solid or liquid; (4) development of the background mathematical 
equations from which surface tensions and viscosities can be related to experimental 
oscillations of liquid droplets; and (5) development of techniques for determining 
emissivities ot liquid metals over wide ranges of temperature and wave length. 

During the second year of the project, tasks to be accomplished are: (1) complete 
studies of emissivities (Pd, Pt and Ir studies are in progress); (2) measure high- 
temperature thermodynamic properties of Hf, HfC and ZrC (solids and liquids-in 
progress); (3) measure high-temperature thermodynamic properties of B, C, Si and SiC 
(in progress); and (4) determine surface tensions and viscosities of liquid transition 
metals--Cu, Ni, Ti, Fe, etc. -in progress. 


Publications 


Hansen, G. P., Krishnan, B., Hauge, R. H., and Margrave, J. L., "A New Method to 
Determine Temperature and Emissivity of Liquid Metals at Elevated Temperatures " 
Trans. Met. Soc. . 1988 (accepted). 

Krishnam, S., Hansen, G. P., Hauge, R. H., and Margrave, J. L., ’’Studies on Dynamics 
ot Levitated Liquid Metals at Elevated Temperatures,” Trans. Met. Soc. . 1988 (accepted). 
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Conlauierless ProcesMllS. oL Und ercooled Melll 


University of Wisconsin, Madison 
Professor John H. Perepezko 
NAG3-436 (NASA Contact: H. de Groh, LeRC) 
January 1, 1987 - January 1, 1988 


A maiu objeclive of the research * " 

solidification morphologies in the conta.nerless » drop , ube ca „ be 

degree of liquid undercooling httaina e i ameters sucb as me | t superheat, droplet 
altered through the variation of pro 8 P molten sanip le, nucleation and 

melaHography 1 ,' -dV- ray examination in conjunction with a heat flow 

model of the processing conditions. 

Process parameter effects — 

the evaluation of drop tube processi ig. resulted in a multitude of microstructural 

particle size and processing enviro exa * , a reduction in droplet size increased the 

developments in Ni- 53 at/o ■ , transition temperature. This 

fraction of droplets which undercoo e & nucleants and the increase in cooling 

behavior is attributed to the isolation of “ “Edition, at a constant size 
rate which accompanies a reduction in P ... f th gas environment leads to an 
distribution, an increase in the i Moreover, a 

increased fraction of amorphous pow t surface through chemical reaction to 

change in gas can alter the catalytic ^' e ” cy Specific 

allow nucleation and subsequent growt been identified in Co-Cr 

nucleation catalysts effects on structure ° rI £ p e ff ects including surface chemistry 
SistrmM“ C m — d the structure competition in 
undercooled liquids during containerless processing. 

In drop tube processing, a quantitative analysis of the thermal Msttry *£***■ 
Direct thermal measurement in drop tube powder P r ^ ess ^ li 1 ^ eter size droplets of 
histories can be evaluated through alternate ec m ' h t and the falling distance 
various Fe-Ni alloys can be dropped ^from a height, 

before solidification can be measure y a j calculated through a heat flow 

Undercooling levels at these various eig ’ th w ; t h t h e determined undercooling can 

analysis. The solidified microstructures together J 1 * de “™^ k the validity of the 

then be compared to a calculated metasta e P . . has i ed t o the development 

result. A compilation of size structural/morphological 

ZiSm expand upon this analysis is being 

pursued currently. 


Publications 


Shong, D. S„ Graves, 
Undercooled Melts," 


J. A., Ujiie, Y„ and Perepezko, J. 
Mat. Res. Soc. Proc. 87, 17 (1987). 


H„ 


"Containerless Processing of 
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Perepezko, J. H., Graves, J. A., and Mueller R a "Do a c 

Undercooled I imiirlc " in p • r ' ^ Solidification of Highly 

Frees and S^J .^Savage, * KtfU 

ApS^'for'MeSIs'rd 1 Alto^SJS R ^ 7 =men,s and 

Measurement Workshop, NASA CP-2503, 1988 ,ocetdm Ss of Noncontact Temperature 

Sa^,et V Behavior during 

Sheffield, UK, September 1987 (in press) Processing 1987 Meeting, 


Presentations 


Thomas, D. J., Perepezko, J. H and Uiiip Y t u 

TMS-A1ME Fall Meeling, Cincinna.i OH ^oberTw 0 ” SS '" 8 ° f Fe ‘ Ni A ' 10 ^ 
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University of Arizona 
Professor D. R. Poirier 

NAG 3 ^ 2 MNASA Contact: A. Chait, LeRC) 

April 1986 - April 1989 

The major objective is to develop a mode - . The 
computer code to model macrosegregation in Y . the effect 0 f a low gravity 

finished code could be used to design ie: xperi 1 It is a i s0 anticipated that the code 

environment on macrosegregation in controlling commerical eating processes 

would be used to assist engineers m designing 
in which convection is friven by gravity. 

in order to mode, 

dendritically, a quantitative i anlys, ■ * and energy equations must be selected 

Hence appropriate forms of t ’ in t he all-solid, liquid-plus-solid,. and 

to predict each of these transport processe^^^^ ^ predicting macrosegregation 

liauid zones of a solidifying casting. major emphasis is on modeling t 

variations across a casting or *"*£^£££2 defect often called "freckles", 
intricate convective phenomena P f j n g 0 ts or castings. Here, multi 

which are particularly “ £ s „^sible for the -freckles'. When combined 

diffusive convection is thought to P ions the bas i c solidification can be 

with thermodynamic data for gas-form 8 . orosity forms or, inded, to 

Extended to predict the conditions ; when ovlztt program deals with defect- 

avofdance! ^ ^ ^ 

research. 

A part of the early effort in th' 8 P r0 ^™ so that 

S^^SSSons temperature range can be made with confidence. 


Publications 


. , D R poirier "Densities of Aluminum-Rich Aluminum-Copper Alloys 

Ganesan, S. and D. R. roirie , 18A 721-723 (1987). 

during Solidification," Met^Erans^ 18A, 721 723 ( t 

s s . eiser R and Poirier, D. R., "Viscosities of Aluminum-Rich Al- u 
Ganesan, S., Speiser, k.., 471-424 (1987). 

Liquid Alloys," MebJTans^B. 18, 421 424 (i» 

. R "Surface Tension of Aluminum-Rich Al-Cu Liqui 

Ceding »/ 1*^5- TlZlmZ cZT^Uu.e, 1987, pp. 1- 

33. 


Ycum, K. . and Poirier D r f| p j* 

Metals. AIME. 1988. pp. 469-476 8 Mic ' 08ravi,y ia Aluminum Alloys," in Light 

Chen, F. and Chen C F M n t r: . 

Underlying a Fluid Laye^ J fa, T^r ^p^ 0 " in a H »riz„n,al Porous Layer 

Cosily , in p_ ss „ 

SoMd'f5c h ation C o’f a^^'r^Altoy ‘ ■’?? T ° f Thermosoll, ' a ' Instability during Directional 
E„ si „een„ s , 1987 (in pLT° y ’ " C ° mPU “ r "«*“* MM Mechals Z 

I mon press', ." De " !i,ieS ° f Pb - $ " A "“ ya ““™S Solidification, Me,. Tran. . m 
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Microgravitv Solidification Processing of Monotectic Alloy Matrix Composites 


Massachusetts Institute of Technology 
Professor Kenneth C. Russell 
(NASA Contact: P.A. Curreri, MSFC) 


Microgravity processing has great promise in the production of advanced metal 
matrix composite materials. In particular, elimination of gravity driven convection 
currents and instabilities may make it possible to fully utilize the unique wetting 
characteristics of monotectic alloys in the production of metal-matrix, non-metallic 
fiber-reinforced composites. 

A coordinated project between MIT and NASA is proposed The monotectic 
solidification in the presence of SiC, A^O, and graphite preformed fibers will be 
investigated for Al-In, Al-Bi, and Al-Pb alloys unidirectionally solidified at different 
growth rates and temperature gradients under microgravity and normal gravity 
conditions. The effect of the presence of non-metallic fibers on wetting conditions will 
be examined. The size and morphology of L2 and solid a will also be determined under 
the constraints imposed by the scale of the interstices of non-metallic fibers preforms. 
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Containerless High T. emnerature Property Measurements 


Midwest Research Institute 
Dr. Robert Schiffman 

NAG8-465 (NASA Contact: L. Gardner, MSFC) 
January 1987 - January 1988 


The objective of the research is to do advanced containerless processing and 
materials research at high temperatures in space. In this way, the production and 
processing of very pure and high quality forms of important ceramic, superconducting, 
semiconducting, very hard, very strong, and other useful kinds of materials may be 
achieved. New techniques adaptable to in-space work have been developed in earth- 
based research and the limits of earth-based containerless experiments are advanced and 
defined so that good choices for in-space R&D can be made. Methods of 
experimentation include gas jet and electromagnetic (EM) levitation, laser heating with 
or without EM heating, and laser induced fluorescence or mass spectrometric 
measurements of vapor and ambient gas concentrations. Non-contact temperature 
measurement is achieved by optical pyrometry. A new, absolute method for liquid 
specimen emittance measurement is under development. 

Research to date has employed a combination of techniques for containerless 
experiments, including gas jet, and electromagnetic levitation, EM and CW C0 2 laser 
heating, laser induced fluorescence (LIF measurements of ambient and vapor atom 
concentrations and temperature measurements at high temperatures on materials of high 
purity and materials that react with containers. 

Some of the results provide promising directions for continued earth based 
research. For example, optical properties of very pure single crystal sapphire were 
obtained at temperatures up to the melting point of AUO3 (2327K) and accurate vapor 
pressures were measured for LaB^, a material for whicn no non-reactive container 
material exists at the experimental temperatures (up to 2500K). Although there are 
other materials for which similar experiments would provide important results, such 
experiments would not further develop capabilities for space-based R&D because they 
can be completed entirely on earth. Stable gas jet levitation of laser heated liquids has 
not been achieved and it appears that acoustic positioning is the preferred method for 
containerless in-space R&D on liquids that are poor electrical conductors. For electrical 
conductors, EM levitation and heating is possible on earth and in space. In a low- 
gravity environment, the combination of radiant heating with EM positioning techniques 
promises very wide application. Low power, very high frequency levitators may be 
developed to extend in-space EM positioning of relatively poor conductors of electricity. 

Electromagnetic levitation was used to achieve containerless conditions. CW C0 2 
laser heating was used to heat the specimen above the minimum temperature achieved by 
EM heating. This improved levitation stability by allowing independent control of the 
levitation force and temperature. Vapor analysis is by laser induced fluorescence and, 
for experiments carried out in a vacuum, by mass spectrometry. An optical pyrometer is 
used to determine apparent specimen temperature, which can be corrected to the true 
temperature if the specimen’s spectral emittance is known. 
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Publications 


Nordine, P. C., "The Accuracy of Multi-Color Optical Pyrometry," High Temp. Sci. 21, 
97 (1985). 

Abrevaya, H., and Nordine, P. C., "High Temperature Studies with CO 2 Laser Heated 
Sapphire: Reactivity and Surface Structure," in Proceedings of Symposium on Defect 
Properties and Processing of High Technology Nonmetallic Materials, MRS, in press. 
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Gra^hiM. EMMMLWJl ill Casj. Iron 


University of Alabama 
Professor Doru M. Stefanescu 
D. Bandyopadhyay 

NAG8-469 (NASA Contact: R. Mixon, MSFC) 
June 1986 - May 1988 


The objectives of this research are: (1) to better understand the solidification 
mechanics of cast-iron and similar type alloys using directional solidification 
experiments in microgravity; (2) to determine the contribution of gravity dependent 
effects on the final microstructure and properties of the alloys; (3) to investigate unique 
microstructures that may be obtainable by processing of alloys in a microgravity 
environment; and (4) to make the results of the study available for application in 
improving terrestrial casting techniques. 

Results of experiments performed in the first part of the project are as follows. 
For Fe-C-Si alloys solidifying with stable eutectic (with either lamellar or spheroidal 
graphite), it was concluded that solidification under low-g results in a decreased number 
of eutectic grains, which could be attributed to a decrease in nucleation because of the 
change in the wetting properties of substrates occurring in low-g processing. Also, low- 
g processing resulted in an increase in the secondary dendrite arm spacing, with a 
subsequent decrease during high-g zones. Further it has been shown that buoyancy- 
driven graphite phase segregation can be prevented during low-g processing. In the 
metastable Fe-C eutectic alloys, a refinement of interlamellar spacing has been observed 
during low-g processing. 

In the second part of the research the results are as follows. It was found for 
two different systems, Fe-C-Si and Fe-C-V, that primary particles (spheroidal graphite 
and vanadium carbide) tend to reach larger sizes when solidifying in the low-g zone as 
compared with the high-g zone, during parabolic flights. Calculations have shown that 
under the described experimental conditions, particles were either entrapped or have 
floated, which explains the rather complex microstructures obtained. 

In the third phase of the research the results are as follows. Solidification of Fe- 
VC type in-situ composite under low-g and in a directional parallel to the gravity vector 
seems to be conductive to uniform dispersions of VC particles in the matrix and thereby 
to uniform microstructures. The best microstructures (spherical VC + a matrix), which 
will be conductive to superior mechanical properties, are obtained when the sample is 
solidified parallel to the gravity vector at very low growth rates or it is the same as 
solidifying it under very low growth rates in the space shuttle. The flotation 
characteristics of the VC particles appear to be well defined by Stokes law, however, 
solidification antiparallel to the gravity vector at rates higher than Stokes flotation 
velocity leads to change in the shape of the carbides, thereby complicating the situation. 
The physio-chemical interaction between the VC particles nucleating ahead of the solid- 
liquid interface perhaps also affects the particle distribution in the matrix as indicated in 
the samples solidified under variable gravity levels at rates higher than Stokes velocities 
(> 10 mm/min). In general, VC particle size is finer in portions of samples solidified in 
low gravity as compared to those solidified in high-g and the observation is in 
agreement with an earlier study. 
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Publications 


Curreri, P. A., Lee, J. E., and Stefanescu, D., "Dendritic Solidification of Alloys in Low 
Gravity," Met. Trans. . 1988 (in press). 

Stefanescu, D. M., Dhindaw, B. K., Kacar, A. S., and Moitra, A., "Behavior of Ceramic 
Particles at the Solid-Liquid Metal Interface in Metal Matrix Composites," Met. Trans. , 
1988 (in press). 
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Microsezrezcition in Directionally Solidified Pb-8.4 At. Pet Au Alloy 


Cleveland State University 
Dr. S. N. Tewari 

NCC-360 (NASA Contact: Dr. Hugh Gray, LeRC) 

June 1986 - August 1987 

The dependence of microsegregation behavior on growth rate and thermal 
gradient has been examined in a Pb-8.4 at. pet Au alloy material partially directionally 
solidified and quenched. The composition of the quenched "liquid” at the dendrite tip 
(C t ), that of the eutectic-like solid phase freezing from the interdendritic liquid at the 
base of dendrite (C $e ), and the volume fraction of this eutectic-like region (f e ), and 
solute profiles in the interdendritic quenched liquid and ahead of the dendrite have been 
measured. Two dendritic growth models for solidification of a binary alloy melt in a 
positive thermal gradient at the liquid-solid interface, one for dendrites with "minimum” 
undercooled dendrite tip" and the other for an Ivantsov type of dendrite with 
"marginally stable tip," have been examined for a quantitative comparison with measured 
values of c t , C $e , and f 0 . Convection in the melt, possibly due to horizontal density 
gradients, is found to be a serious limitation for theoretical understanding of the 
observed experimental behavior and meaningful comparison of theories. 


Publications 


Jayaraman, N. and Tewari, "Fault Structures in Rapidly Quenched Ni-Mo Binary 
Alloys,” Met. Trans. 17A, 2291-2294 (1986). 

Tewari, S. N., "Dendrite Characteristics in Directionally Solidified Pb-8%Au and Pb- 
3%Pd Alloys," Met. Trans. 17A . 2279-2290 (1986). 

Tewari, S. N., "Effect of Undercooling on the Microstructure of Ni-35°/oMo (Eutectic) 
and Ni-38%Mo (Hypereutectic) Alloys," Met. Trans. J_8A, 525-542 (1987). 

Tewari, S. N. and Glasgow, T. K., "Cellular Microstructure of Chill Block Melt Spun 
Ni-Mo Alloys," Met. Trans. 18A . 1663-1678 (1987). 

Tewari, S. N. and Laxmanan V., "A Critical Examination of the Dendrite Growth 
Models: A Comparison of Theory with Experimental Data,” Acta Met. 35 , 175-183 
(1987). 

Tewari, S. N. and Laxmanan V., "Cellular Dendritic Transition in Directionally Solidified 
Binary Alloys,” Met. Trans. 18A . 167-170 (1987). 
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Cleveland State University 
Dr. S. N. Tewari 

NC<>395 (NASA Contact: Dr. Hugh Gray, LeRC) 

September 1987 - September 1989 

An experimental ground based * 

cellular/dendritic microstructures during irec io denddte transit i 0 n behavior will be 

model alloys in a Positive thermal gradie . 11 * ftant mic rostructural features, the 

investigated in Pb-Sn, Pb-Au and composition at dendrite tip and primary 

arm^spachig 6 wiU f coefficient^Thtf 


models. 
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Cmamerless Studies o £ Nucleation and Unde f hr 

let Propulsion Laboratory 
Dr. Eugene H. Trinh 
Dr. T. G. Wang 
January 1987- January 1988 


achievable limits of undercooling usinTaco ex P erime "ts to determine the 

heterogeneous nucleation of levitated samples 'and'tn 3110 "’ l ° the characteri stics of 
significantly undercooled melts SpeciallvVsipnPH 1 ' I ” leasure the Physical properties of 
ground based labora, cries as well Istle KC^ 1?'™ ° Perati " 8 in 

investigate 0.1 to 3 mm specimens of mirP mL.i ^n A aircraft are t0 b e used to 
well as glass-forming organic compounds to S? ? ° yS (Ga ’ In ’ Sn ’ AI ' In -) as 

invasive measurement techn Sues for the i f P ^’ '° W meltin 8 gIasses )‘ Non- 

velocity, and perhaps specific Zzt are to T p h * T'T VisCOsity ’ densi ^ sou ^ 
Physical state of undercooled levitated melts. CVeI ° ped and refined t0 P rob e the 

ob,ai„ed A coin™' nt previ^ UqUid '" dium 

Terphenyl has been determined dowl ,o ! 5 c A “"^rcooled 0- 

samples of undercooled Water, O-Terphenvl and ; n H roun d-base d study using levitated 
quantitatively determine the effects of dlu . m has been initiated to 

on the acoustic frequency between 20 and ac ° ustic fie,d - No dependence 

dependence on the acous ic pressure levef r JLe n J ™ det6Cted ’ and no consistent 
investigation of the effects of Tamnle Ztl 8 f m 1-g has been found. The 

solid phase nucleation is being carried out aTth/s Vlbratl0nal moti on on the onset of 
the crystal growth phenomena in levitated melts aTso Tl ™ ^ CXperimentaI study of 
time is the convective flow fields induced within th primary interest at the present 
•he ho* gas; ,he princ.pa, eftofis nowfo in 

convection inside the liquid sample. V ethods to minim 'ze any fluid 


Publications 


Acoust. Soc Am 1757 J (’l986)° UStlC LevJtatl0n Method for Density Measurements", J. 


Mechanics and Materials Spence usin^Acousbc^ ’ " Exper | i mental Studies in Fluid 
Research Society Symposia, Materials Processing tothe'lTd ' n P '2 >ceedings °f Materials 
Space, Volume 87 (R.H. Doremus and P.C * 


Trinh, E. H., Marston, P. L., 
Tension of Levitated Drops," 


and Robey, J. L., " 
J. Colloid Interface 


Acoustic Measurement of the Surface 
J u ^y 1988 (in press). 
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Ostwald. RJjTeninR o£ SolidzLimM Mixtures 


Northwestern Reserve University 
Dr. P. W. Voorhees 
S. C. Hardy, NBS 

H-85025B (NASA Contact: D. Frazier, MSFC) 


The objective of this program is to use the unique conditions provided by space 
flight to study the kinetics of Ostwald ripening. The data derived from this 
experimental work will provide baseline data for the field and thus permit the 
refinement of existing theories of the kinetics of first-order phase transformations. In 
addition, as the Ostwald ripening process has a major impact on the properties of 
materials, the experimental results will yield information which can be used to improve 
the properties of materials containing dispersed phases. 

A particularly ideal system to use in these experiments is a mixture consisting of 
solid particles in a liquid. Since the coarsening rate in such a system is comparatively 
fast, and in a properly chosen system the solid particles can be spherical, the 
experiments can serve as a careful test of theory. However, experiments performed 
using a low volume fraction solid, where the theory is most accurate under terrestrial 
conditions, shows that buoyancy driven convection of the solid particles is prevalent and 
thus the experiments do not satisfy the theoretical requirements of fixed spatial locations 
of the particles. To eliminate this problem the experiments will be performed in the 
reduced gravity environment of space. 

We have located a solid- liquid mixture in which the materials parameters 
necessary to compare the experimental results to the theoretical predictions are known 
and developed an experimental protocol necessary to produce a dispersion of solid 
particles in a liquid. We have examined the coarsening kinetics of solid particles in a 
liquid in the volume fraction solid range above 0.6 where the developmental of a solid 
skeletal structure inhibits particle sedimentation. The experimentally measured 
coarsening rate constants are found to exceed those calculated from theory by factors 
ranging from 2 to 5. Possible causes for the disagreement between theory and 
experiment are the movement of particles within the skeletal structure due to density 
differences between the solid and liquid phases or convection of the liquid matrix. Only 
experiments in a microgravity environment will eliminate conclusively these possibilities. 
Numerical calculations of the morphologies of solid particles in high volume fraction 
solid-liquid mixtures were performed in an effort to explain the experimentally observed 
particle morphologies. These calculations show that the experimentally observed particle 
morphologies are due to strong diffusional interactions between the coarsening particles. 


Publications 


McFadden, G. B., Voorhees, P. W., Boisvert, R. F., and Meiron, D. I., "A Boundary 
Integral Method for the Simulation of Two-Dimensional Particle Coarsening," J. S cL 
Comet, i, 117 (1986). 

Voorhees, P. W., McFadden, G. B., Boisvert, R. F., and Meiron, D. I., "Numerical 
Simulation of Morphological Development During Ostwald Ripening," Acta Met.36, 207 
(1988). 
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Sekerka, R. F Voorhees, P. W„ Coriell, S. R., and McFadden, G. B„ "Initial Conditions 
Implied by t / Solidification of a Sphere with Capillary and Interfacial Kinetics " J 
£C£>C_Growth 87, 415 (1988). ’ _1 

Hardy, S. C. and Voorhees, P. W., "Ostwald Ripening in a System with a High Volume 
Fraction of Coarsening Phase," Met. Trans. A , 1988 (in press). 
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Influence of Cmvectim OR Micw MimMe 


Clarkson University 
Dr. William R. Wilcox 

NAG8-480 (NASA Contact: P. Curreri, MSFC) 
June 1984 - June 1987 


The objective of this research is to gain an understanding of the influence of 
microgravity on the microstructure of the MnBi-Bi eutectic. 


David Larson and Ron Pirich of Grumman have shown that directional 
solidification of the MnBi-Bi eutectic in space results in a fiber spacing 1/2 of that 
obtained by solidification on earth under otherwise identical conditions. We had shown 
previously that the microstructure is unaffected by temperature gradient and that the 
microstructure responds more quickly to a change in freezing rate than the freezing ra e 
changes in response to a change in ampoule translation rate. 


Computer computations have been carried out with a planar interface for the 
influence of convection on the compositional field in front of lamellar and fibrous 
eutectics, and the resulting effect on microstructure. Experimental results with spin- 
up/spin-down (Accelerated Crucible Rotation Techniques) gave good agreement with 
predictions for lamellar eutectics. However buoyancy-driven convection is calculated to 
be too weak to noticeably influence the microstructure. 


Recent electrochemical experiments have shown that spin-up/spin-down causes 
large fluctuations in mass transfer, and therefore in heat transfer and freezing rate 
during solidification. Decantation experiments have shown that the MnBi fibers project 
for large distance into the melt during solidification, and that they infrequently branch. 
Elevated temperature fracture of samples have also showed little branching. 

Temperature measurements showed large oscillations in the melt without ampoule 
rotation, with the amplitude decreasing as the solid-liquid interface is approached. 

Spin-up/spin-down experiments were also performed on the lead-tin eutectic. 
While the lamellar spacing was unaffected under the conditions used, spiralling of the 
microstructure depended strongly on rotation rate. Rotation also caused one end of the 
ingot to be lead rich while the other was tin rich. 


Publications 


Chandrasekhar, S„ Eisa, G. F„ and Wilcox, W. R„ "Influence of Convection on Lamellar 
Spacing of Eutectics," .1. Crvst. Growth 76, 484 (1986). 

Popov, D. and Wilcox, W. R., "Influence of Convection on Spiral Structures in Lead-Tin 
Eutectic," J. Crvst. Growth 78, 175-176 (1986). 

Eisa, G. F., Wilcox, W. R., Busch, G., "Effect of Convection on the Microstructure of 
the MnBi/Bi Eutectic," J. Crvst. Growth 78, 159-174 (1986). 
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Mj)deUJ_ng DjrecUmal Sohdijjcatinn 


Clarkson University 
Dr. William R. Wilcox 

NAG8-54 1 (NASA Contact: F. Szofran, MSFC) 
January 1, 1987 - January 1988 


The objective ot this research is to develop an improved understanding of some 
phenomena of importance to directional solidification, to enable us to explain and 
predict differences in behavior between solidification on earth and solidification in 
space. 


Experiments on organic compounds showed that in contrast to recent computer 
models, the convection in a vertical Bridgman-Stockbarger ampoule is usually not 
axisymmetric and may vary with time. It the temperature in the furnace increases with 
height the convection may be greatly suppress. On the other hand, if the temperature 
decreases with height the convection may be vigorous. Theoretical models have built 
into their initial equations steady state, axisymmetric flow, and a constant heater 
temperature. Experiments are underway to determine the influence of convection on 
compositional homogeneity of directionally solidified organic compounds. 

KC-135 experiments showed that liquid in a non-wetted cylindrical ampoule 
does not pull away from the ampoule was in low g, as has been proposed to explain the 
observation that ingots solidified in space often have diameters smaller than their 
containing ampoules. Rather the liquid separated into separate columns or bubbles 
formed along the walls. Theory predicted that bubbles are unstable beyond a critical 
size. This prediction agreed with experiment. Likewise experiment and theory agree on 
the fraction of the flat walls in a triangular ampoule that are in contact with the melt 
(the pulls away from the corners.) A new transparent solidification apparatus being 

built by MSFC should help resolve the mystery of the reduced diameter ingots obtained 
in space. 

Theoretical analyses were done on the diffusional decay of compositional 
variations in a crystal during the period it is cooling to room temperature. Decav of 
striations is favored by a slow freezing rate, a small period for the composition 
variations, a small temperature gradient and a large diffusion coefficient in the solid. 
Under some realistic conditions striations decay within a few wavelengths while under 
other conditions they may persist for some distance. Thus the compositional 
inhomogeneities observed in a grown crystal are not necessarily indicative of those 
produced at the growth front. 

Apparatus and procedures were developed to determine the influence of spin- 
up/spin-down and of freezing rate fluctuation on the perfection of directionally 
solidified Insb-GaSb alloys. (Mullard Laboratories in Southampton, England have shown 
both increased homogeneity and much larger grain size caused by spin-up/ spin-down 

during solidification of HgTe-CdTe alloys. The mechanism responsible for increased 
grain size is unknown.) 
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Sen, R. and Wilcox, W. R., ’Twinning of Dodecanedicarboxylic Acid,” J, Crvst. Growth 
75, 3223 (1986). 

Sen, R., and Wilcox, W. R., "Behavior of a Non-Wetting Melt in Free Fall: 
Experimental," J. Crvst. Growth 74 . 591 (1986). 

Sen, R. and Wilcox, W. R., "Behavior of a Non-Wetting Melt in Free Fall: Theoretical,” 
J. Crvst. Growth 78, 129 (1986). 
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3 . fluid dynamics and transport phenomena 
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E xMlImental and Theoretical Stu d ies of Wetting and. Multilayer AdsoLMlm 

National Bureau of Standards 

Dr. J. W. Cahn 

Dr. R. F. Kayser 

Dr. M. R. Moldover 

Dr. J. W. Schmidt 

April 1977 - continuing task 


The Structure of a Fluid Interface 

The structure of the liquid-liquid interface in three mixtures (carbon disulfide + 
methanol, methanol + cyclohexane + deuterated cyclohexane and nitrobenzene + n- 
decane) has been studied using ellipsometry in the reduced temperature range 
0;?T<t<0.042. Although the ellipticity data varies by a factor of 10 between mixtures 
all three mixtures can be scaled to the same universal constant by a combined mean field 
plus capillary wave model of the interface. 

Systematics of Wetting 

^ rst ~? rc * er wetting transitions have been located at the vapor-liquid 
interface for a series of alcohol + fluorocarbon mixtures. Contact angles of 
fluorocarbon-rich pendant drops (suspended at the vapor-liquid interface) were 
measured for the series. In addition surface tension for the fluorocarbon-vapor, alcohol- 
vapor, and liquid-liquid interfaces were measured using a modified Du Nouy ring 
technique. 6 


Interfacial Tension in the Critical Region 

Methods for accurately predicting the interfacial tension of binary mixtures near 
kmc 1 ‘ quid j ‘ v ^ po ^ cr,tlcal lines were developed in collaboration with Dr. J. Rainwater 
(NBS Boulder). The general method is applicable to miscibility gaps encountered in 
many systems considered for materials processing in space. 


Wetting Layers on Solid Substrates 

A new derivation of wetting layer thickness has been obtained for wetting layers 
consisting o two fluid phases coexisting near a substrate. In cases in which high 
dielectric fluids are in contact with ionizable substrates, dispersion forces in competition 
with gravity cannot account for the thicknesses of the observed wetting layers. The 
present derivation differs from that of dispersion forces and arises when a solid surface 
can become electrically charged. 
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"Wetting of a Binary Liquid Mixture on Glass," Phvs. Rev.J B 34, 3254 

"Wetting Layers in Solid Substrates," KINAM 8, Series A, 87-105 (1987). 

"Systematics ol Wetting," J. Colloid & Interface Sci,, in press. 

"Wetting Layers in Electrolyte Solutions," J. de Phys^, in press. 

, "Structure of a Fluid Interface near the Critical Point," Phvs. Rev. 
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R. and Rainwater, J. C., "Interfacial Tension and Vapor-Liquid Equilibri 
Region of Mixtures," J. Chem. Phvs. , accepted. 
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Thermo-Dif fuso Capillary Phenomena 


Lewis Research Center 

Dr. A.T. Chai 

Dr. C.L. Lai 

Dr. R. Balasubramanian 

In-House 


The objective of this program is to conduct fundamental microgravity research 
on fluid motion generated by temperature and/or concentration gradients due to surface 
tension and/or buoyancy. 

The research being conducted involves three areas of interest: (1) thermocapillary 
convection and oscillation; where progress has been made in studying the effect of 
thermal conductivity of the end walls. No oscillatory behavior has been observed to 
date; (2) thermocapillary motions of bubbles and droplets in a thermal gradient in a host 
fluid. In this area analytical studies have been performed including effects of inertia 
and convection. Numerical and experimental investigations and the effects of 
concentration gradients are planned; and (3) thermal and double-diffusive convection 
due to presence of temperature and/or concentration gradients; where analytical studies 
are underway to obtain detailed understanding of the flow with both inertia and 
convection present. 


Publications 


Lai, C. L. and Chai, A. T., "Surface Temperature Distribution Along a Thin Liquid 
Layer due to Thermocapillary Convection," in Microgravity Material and Fluid Sciences , 
Volume 13 (L.G. Napolitano, ed.), Pergamon Journals, 1987. 

Balasubramanian, R., "Thermocapillary Bubble Migration for Large Marangoni 
Numbers," NASA CR 179628, 1987. 

Balasubramanian, R. and Chai, A. T., "Thermocapillary Migration of Droplets: An Exact 
Solution for Small Marangoni Numbers," J. Colloid & Interface Sci. . 1987 (in press). 

Lai, C. L., Greenberg, P. S., and Chai, A. T., "Experimental Study of Thermocapillary 
Flows in a Thin Liquid Layer with heat Fluxes Imposed on the Free Surface," NASA 
TM- 100252, 1987. 

Hasan, M. M., and Balasubramanian, R., "Thermocapillary Migration of a Large Vapor 
Slug in a Tube," J. Thermophvs. & Heat Transf. . 1988 (accepted). 

Kassemi, S. A., "High Rayleigh Number Convection in Rectangular Enclosures with 
Differentially Heated Vertical Walls and Aspect Ratios Between Zero and Unity," 
accepted as NASA TM publication. 


65 


Convective and Morphological Stability during Directional Solidification 


National Bureau of Standards 

Dr. S. R. Coriell 

Dr. J. R. Manning 

Dr. G. B. McFadden 

Dr. R. J. Schaefer 

W-16, 171 (NASA Contact: Roger Crouch, NASA HQ) 
December 1987 - November 1988 


The general aim of this task is the theoretical and experimental study of the fluid 
flow, solute segregation, and interface morphology which occur during directional 
solidification, including effects of gravity and microgravity. Space flight experiments, 
designed to determine cellular wavelenghts as a function of growth conditions, are 
planned in collaboration with J. J. Favier and D. Camel of the Centre d’Etudes 
Nucleaires de Grenoble utilizing the directional solidification furnace being developed 
by the MEPH1STO project. 

During sol id if ication of an alloy at constant velocity, thermosolutal convection 
can occur. The effects of this convection on the solute segregation in crystals grown by 
vertical directional solidification of binary metallic alloys or semiconductors has been 
calculated using finite differences in a tow-dimensional, time-dependent model that 
assumes a planar crystal-melt interface and small Prandtl number. As the solutal 
Rayleigh number is varied, multiple steady-states, time-periodic states, and quasi- 
periodic states may occur. Numerical calculations of the solute, temperature, and flow 
fields are being carried out for a variety of conditions, including time dependent 
gravitational accelerations (g-jitter) and both stress-free and rigid lateral boundaries. 

Three-dimensional steady-state solutions for nonplanar interface morphologies 
are computed numerically by using finite differences. A linear temperature field is 
assumed; the solute field in the melt and the crystal-melt interface position are 
computed self-consistently. For a model of an aluminum-chromium alloy with 
distribution coefficient greater than unity, steady-state solution corresponding to tow- 
dimensional bands and three-dimensional hexagonal nodes are obtained, as well as 
solutions with rectangular interface platforms. Near the onset of instability, the 
calculations predict hexagonal nodes, which is consistent with weakly nonlinear theory. 

In collaboration with R. F. Sekerka of Carnegie-Mellon University, the weakly non- 
linear theory has been extended to take account of nonlinear temperature fields and 
anisotropic surface tension. 

Linear stability analyses are being applied to a number of problems associated 
with the morphology of the crystal-melt interface. For example, in collaboration with 
A. A. Wheeler of the University of Bristol and D. T J. Hurie of the Royal Signals and 
Radar Establishment, the effect of an electrical current on the morphological stability of 
planar interface during directional solidification of a binary alloy at constant velocity has 
been investigated. Electromigration of solute and the perturbation of the electric field 
by the perturbed crystal-melt interface modify the conditions for morphological stability. 
The model is being extended to take account of joule heating and thermoelectric 
phenomena, namely, the Peltier, Seebeck, and Thomson effects. Investigation of the 
effect of time-dependent electric currents on the solute distribution at a planar crystal- 
melt interface is planned. 
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McFadden, G. B. and Coriell, S. R., "Thermosolutal Convection during Directional 
Solidification. II Flow Transitions," Phvs. Fluids 30, 659 (1987). 

Coriell, S. R., McFadden, G. B„ Voorhees, P. W„ and Sekerka, R. F. "Stability of a 
Planar Interface during Solidification of a Multicomponent System," J. Crystal Growth 
82, 295 (1987). 

McFadden, G. B„ Boisvert, R.F., and Coriell, S. R. "Nonplanar Interface Morphologies 
during Unidirectional Solidification II. Three-Dimensional Computations, J. Crystal 
Growth M, 371 (1987). 
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Theory of Solid i fication 


NASA Lewis Research Center 
Prof. Stephen H. Davis 
NAG 3-747 

October 14, 1986 - October 13, 1989 


The research concerns the effort to understand on a quantitative level how 
various factors affect the morphology of a solidification front of binary materials, these 
factors include buoyancy-driven convection with and without Soret diffusion, phase- 
change convection, crystal and kinetic anisotropies and effects of bounding surfaces. 

The central theme is the understanding of the phenomena through the study of the 
instability behavior of the appropriate coupled systems. 

The research entails the study of instabilities in coupled systems that describe the 
directional solidification of a binary material form the melt. The study encompasses 
double-diffusive convection, crystal theme is the understanding of the phenomena 
through the study of the instability behavior of the appropriate coupled systems. 

The research entails the study of instabilities in coupled systems that describe the 
directional solidification of a binary material from the melt. The study encompasses 
double-diffusive convection and forced flows coupled to the phase-change process. It 
includes effects of bounding surfaces and material aniostropies. It utilizes nonlinear 
stability theories, asymptotic and numerical methods. 

Publications 


Young, G. W., and Davis, S. H. "Directional Solidification with Buoyancy in Systems 
with Small Segregation Coefficient," Phvs. Rev. B 3388, (1986) 

Brattkus, K. and Davis, S.H., "Directional Solidification in an Imperfect Furnace " 
Physiochem. Hvdrodvnam 9 9 MQS71 

Young, G. W., Davis, S. H., and Brattkus, K., "Anisotropic Interface Kinetics and Titles 
Cells In Unidirectional Solidification," J, Crvst. Growth 83 560-571 (1987). 
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Computer Simulations and. Experimental Observations 


Princeton University 
Dr. P. G. Debenedetti 
Dr. W. B. Russel 


At equilibrium a concentrated colloidal suspension will assume an ordered state if 
the volume fraction exceeds a certain value, whose magnitude depends exclusively upon 
the nature of the reversible interparticle forces. The dynamics of the transition, 
however, are governed by the irreversible interactions between the particles and the 
surrounding fluid, and are of fundamental importance in determining the ultimate 
morphology of many densely packed systems formed in processes of technological 
relevance (sedimentation, ultrafiltration, slip casting). 

The proposed work will address this problem through computer simulations and 
experiments. The former would represent the first three-dimensional study of the 
dynamics of concentrated colloidal suspensions with realistic descriptions of 
hydrodynamics, interparticle potentials, and Brownian motion. These simulations will 
address problems which cannot be studied within the framework of equilibrium 
statistical mechanics, including the evolution of the morphology and the properties and 
stability boundaries of metastable states. 

Experiments with well characterized particles under conditions similar to those 
being simulated will be conducted in order to test the influence of gravitational forces 
upon the phase transition. This will allow us either to proceed with more quantitative 
(light scattering) work on Earth or to design experiments to be performed in a 
microgravity environment. 
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Mass Traninml Phmom£IML Between Bubbles and Dissolved Gases in LmmMa Uiu jer 
Reduced Gravity Conditions 

University of Toledo 

Professor Kenneth J. De Witt 

J. L. Brockwell, Union Carbide Technical Center 

NAG3-34 (NASA Contact: Dr. A.T. Chai, LeRC) 

November 15, 1983 - January 14, 1987 


The long term objective of the experiment is to observe the dissolution of 
isolated immobile bubbles of specified size and composition in a solvent liquid of known 
concentration in the reduced gravity environment of earth orbit. Preliminary bubble 
dissolution experiments conducted both in the NASA Lewis 2.2 sec. drop-tower and in 
normal gravity using the S02-Toluene system were not completely successful in their 
objective. The method of gas injection and the lack of bubble interface stability 
experienced due to the extreme solubility of S02 in Toluene had the effects ot changing 
the problem from that of bubble dissolution to one of bubble formation stability and 
subsequent dissolution in a liquid of unknown initial solute concentration. 

Current work involves further experimentation in order to refine the bubble 
injection system and to verify the concept of having a bubble with a critical radius in a 
state of unstable equilibrium. The method of bubble injection is continuing to be that 
of syringe injection, which is acceptable at this stage of the feasibility study. The 
critical radius concept is of major importance since it is needed for initialization for all 
experiments involving highly soluble gas-liquid systems. In these systems, the high gas 
solubility generally prevents the formation of a stable gas-liquid interface, so that a 
bubble can be formed, until a suitable local background concentration of the dissolved 
gas in the liquid has been attained. This background concentration is not uniform 
throughout the liquid, which makes subsequent bubble dissolution data of less value than 
desired. The critical radius concept is ready to be tested using the C02-Toluene system 
in normal gravity. An improved prototype experiment package has been designed and 
constructed for this purpose at NASA Lewis. Bubble rise will be prevented by the use 
of very fine fibers. After establishment of a bubble in critical equilibrium is achieved 
in normal gravity, Lear Jet tests (23 sec. of free-fall time) will be conducted in order to 
refine the injection system and to determine whether a critical bubble can be stabilized 
in this time period. Finally, injection hardware will be further examined in the NASA 
Lewis drop-towers, and work will begin in the conceptual design of the middeck 
experiment. 

The total experiment will involve the injection of a single bubble of gas of 
approximately a prescribed size and composition into a quantity of thermostated liquid 
under controlled pressure conditions. The pressure on the liquid is then adjusted to 
maintain the bubble in a state of unstable equilibrium with the surrounding liquid. As a 
result of a step increase in the pressure, bubble dissolution is initiated. The rate of mass 
transfer can be determined from an observation of the change in bubble size with time. 
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SMnressim. ol Maraimmi Conveclion in. F loai Zones 

George Washington University 
Dr. Robert F. Dressier 

NAG1-325 (NASA Contact: A. Fripp, LaRC) 
January 1987 - January 1988 


The objective of this research is to demonstrate, by means of a 1-g experiment 
that the idea of space processing to use tangential gas jets for suppressing the unwanted 
thermal-capillary (Marangoni) convection always present in a float zone, is valid a 

efficacious. 

For proposed processing of highly reactive semiconductor materials, e.g. silicon, 
in microgravity ( g), although the thermal-buoyant convection will be suppressed 1 g, 
this will not reduce the Marangoni convection since there must always be a tempera ur 
gradient hence a surfacetension gradient, in a float zone. Our idea for space Posing 
fs to blow jets of a non-contaminating gas, e.g. argon or xenon, tangentially over its free 
molten surface to establish a shear stress to counterbalance the surface-tension shea 
which excites the Marangoni convection. Since the principle involved l is -dentical our 
earth-based experiment uses an air jet and a transparent silicone oil in a half-float zone 
configuration to demonstrate that the Marangoni convection can be significantly reduced 
bv our method There are three major difficulties due to 1-g in our experiment, but 
spite of these, we have attained an average reduction of 66 to 75% in the Marangoni 
velocities showing our idea is workable. We are now engaged in the initial planning for 
a new project, using a middeck Shuttle experiment, in which all three -g problems will 
be eliminated. Therefore, we expect our anticipated g experiment will attain reductions 
better than about 98%. This will then indicate use of our method for commercial 
fabrication of semiconductors in the Space Station. 
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Heal and M ass TjwnsJjw in Zero, Gravii i> 


National Bureau of Standards - Boulder Laboratories 
Dr. Patricia J. Giarratano 
Dr. Vincent D. Arp 
W- 16, 170 

January 1987 - January 1988 


The objective of this work is to provide predictive techniques in the form of 
computer codes and correlations for applications in the design of heat and mass transfer 
quipment, especially in systems in which transients occur. Our existing mathematical 
computer model describes transient heat transfer prior to the onset of gravity-driven 
fluid motion. The model includes the effect of motion induced by the thermal 
expansion of the fluid adjacent to a flat geometry heater surface and predicts the 
temperature profile in the fluid during a transient heat pulse. A near-zero-gravity 
environment ,s necessary to study this thermally induced motion because in earth gravity 
the effect is masked by buoyancy-driven convection in the fluid. Mach-Zehnder 
interferometry was the measuring technique used to study the temperature field in 
experiments in the laboratory and during two series of flights on the KC-135 
Reference (1) contains a description and preliminary zero-g data of this work. This 
measurement technique proved inadequate for measurement of the temperature fields in 
the very thin boundary layers developed during the heat pulse. Therefore the research 
this year has focused on exploring the suitability of a special holographic technique 
which employs a diffuse light source instead of a collimated beam. Preliminary ground 
tests using holography has allowed considerable more of the boundary layer to be 
optically probed. This fiscal year the holographic technique has been tested during one 
er.e s of flights on the KC-135. Complete evaluation of the equipment and the resulting 
holograms has been been completed although preliminary results are encouraging 
Kuisory examinations of the holograms show a discernible fringe pattern adjacent to the 
heater surface). Reference (2) summarizes the results of the project to date J Ground 
tests on the holographic technique and equipment are continuing 


Publications 


Giarratano P. J., Arp, V. D., Owen, R. B., Cezairliyan, A., and Miller, A P 
Heat Transfer and Thermophysical Properties Measurements in Low Gravity 
Astron aut. Sci. . 1987 (in press). 
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Adv. 


Presentations 


Giarratano, P. J Owen R. B„ Arp. V. D., "Transient Heat Transfer Studies in Low- 
jravity using Holographic Interferometry," presented at Materials Processing 
Symposium, AIAA 26th Aerospace Science Meeting, Reno, January 1988. 
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r-^.W RuoV a„ r y-n,r„, Hillary ro^nim: An EnemmsmL Sluj bl 

Stanford University 
George M. Homsy 
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Center for MJcrogimll F luid Mechanics and Traniml Phenome na 

University of Colorado 
Professor D.R. Kassoy 
Professor R. Sani 

NAGW-951 (NASA Contact: R.K. Crouch, HU) 

September 1, 1986 - March 31, 1989 


The Center has developed an integrated program of research and education in 

mass transfer in materials processing, fluid 

with specific processes and technologies. 

The Center has initiated research activity in the following areas: 

(1) Modeling and Experiments on Fluid Systems with G- jitter, P.D. Weidman and S. 
Biringen 

Computational methods are used to model jitter effects in a ^errn^" 
filled boxes as well as those with a free surface. 

(2) Gradient Induced Convection in Materials Processing, W.B. Krantz 

Mathematical modeling is used to describe convection induced^ ^eTfravil'y^ 
verv large thermal or concentration gradients at an interface, in the absence ot gravity. 
Th* newly discovered effect arises from localised molecular mteracons occurrmg near 
an interface between two dissimilar fluids. 

(3) Low Gravity Effects on Thermoacoustic Convection in Helium, D.R. Kassoy 

Modeling methods are used to ascertain the magnitude of thermoacoustic 
convectU Induced in confined gaseous helium by hea, 

boundary. The competition between thermoacoustic, and buoyancy-induced co 
at reduced gravity levels is analyzed. 

(4) Formation »/ Immiscible Alloys in Low Gravity Conditions, R.H. Davis 

A theoretical framework is developed for mechanisms responsible for phase 
segregation n 'mmi cible materials processed a, reduced gravity levels. Predrctrons are 
SX processing condi, ions necessary to produce desired mrcrostructure rn a g.ven 

material mixture. 

(5) Computer Aided Analysis of Floating Zone Processing, R.L. Sani 

Finite element numerical algorithms are being developed to model the flow, 
transport and stability of floating zone processing configurations. Interactions between 
Convection heat andmass transport, as well as deformable free surface effects are 

emphasized. 
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(6) Manufacturing Spherical Shells under Microgravity Conditions , C.Y. Chow 

a f E ' ectroma 8 netlc_ca P )l,ar y instabilities on liquid metal cylinders are studied in 
order to determine the feasibility of manufacturing spherical shells from thin-walled 

for H- a 8 ' Ma 8 netoh y drod ynamic pinch effects are found to be an effective means 

sZZl'Zt cylmder ,n, ° e,emen,s of unir »™ -*» 1“! 

(7) Thermal Instabilities in Low-Prandlt Number Liquids, J.E. Hart 

7 «» rs 

element computations are employed to resolve internal motion no cces Me o 
measurement. au*es>s>iDie to 

DarticioInt^H^H 0 th , ese University-based research projects, another Center 
nn f /’ H ‘ Sr, y der ’ has developed an expertise in fluid handling problems 

KItcolorado he ' iUm ,ranSfer ' ,hr0U8h a " in,erac,i0 " with Ba " Aeroipace in 
The Center provides graduate level courses in low-gravity sciences and in 

~ star 

broadest possibie participation by members! cl" "** ^ 
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University of Texas 
Professor £. L. Koschmieder 
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Fundamental Study, o£ Nucleate, Pool BoUiny under, Mjcroyrayity 


University of Michigan 
Professor Herman Merte, Jr. 

NAG3-663 (NASA Contact: F. Chairamonte, LeRC) 
October 1985 - February 1989 


This research is part of a program for the study of the fundamentals of nucleate 
pool boiling heat transfer under the microgravity conditions of space, seeking to improve 
the understanding of the basic processes that constitute boiling by removing the 
buoyancy effects which mask other phenomena, and which will be part of the 
development of data base for space applications of boiling. 

Freon 113 is the initial fluid being used in a closed vessel with the pressure 
being maintained constant. The independent variables are subcooling and heat flux, 
with a step increase from zero to a prescribed power input. Measurements of space 
temperature are made simultaneously with motion photography during the transient 
heating process, including the onset of boiling, until terminal condition is reached 
appropriate to the particular circumstances present. Two heating surfaces are being 
developed: a semitransparent layer of gold vacuum deposited on a quartz substrate, 
which acts simultaneously as a well-defined electrical heater and resistance thermometer, 
and which permits viewing simultaneously from the side and beneath the boiling surface, 
and a copper surface indirectly heated electrically, gold coated so as to present the same 
surface energy conditions to the boiling fluid. Testing will be conducted in the 
laboratory at a/g = +1, and in a drop tower for short term microgravity. Plans are being 
developed for subsequent orbital flight in the shuttle to provide the longer time periods 
necessary. 


79 



Influence of Jjme^^mmjeni Gravitational Acceleration in the Presence of Magne rk 
FjeJds on. the F_luid_ O \ 'n a m ics and 1 1 c at Imrans f cr [n Sid id i f ic cition P roc esses 


Massachusetts Institute of Technology 
Professor S. Motakef 

NSG-7645 (NASA Contact: R.K. Crouch, NASA HQ) 
October 1, 1986 - September 30, 1988 


The goal of this research is to determine how effectively various low duration 
low-g vehicles achieve microgravity conditions during bulk growth of semiconductor 
crystals. 

This study numerically analyzes the transient response of buoyancy-driven flows 
on low prandtl number melts to variations in g-level. Using recorded g-level data from 
KC-135, space processing applications rockets (SPAR) and TEXUS flights, the results of 
this analysis are used to establish the duration of low-g periods on board these vehicles. 

The transient behavior of natural convection in unidirectional solidification 
processes has been thoroughly investigated both from fundamental fluid mechanic 
considerations as well as calculations related to NASA KC-135 aircraft and TEXUS and 
SPAR sounding rockets. The time constants of convection in the melt of semiconductors 
to step increases and decreases in g have been calculated in the range of 0-1. 5g for the 
MIT Bridgman-Stockbarger system. The time constant for step increases in g is 
controlled by the relative dominance of inertial and viscous forces. For step reductions 
in g, the system response is controlled by the momentum diffusive time scale in the 
melt. Transient analysis has been extended to study the solidification processes on board 
KC-135 and sounding rockets using the recorded g-level data. The effectiveness ot 
these vehicles is controlled for a given material by the charge size and is, to first order, 
independent of furnace design. The relationship between the duration of low-g growth 
and the charge size for various semiconductors on board the low duration low-g vehicles 
is calculated. The present KC-135 furnaces do not appear to provide the necessary low- 
g period for meaningful experimentation, whereas TEXUS rocket furnaces do provide 
sufficiently long low-g growth periods of up to 4 minutes. 

The response of convection in the melt to periodic variations in the g-level has 
also been investigated by conducting a frequency response analysis. The system response 
is controlled by the momentum diffusive time scale; at oscillating frequencies less than 
the diffusive time scale the convection in the melt follows the periodic variations in the 
g-level, and at higher frequencies the amplitude of the oscillating low velocities decrease 
linearly with the oscillating frequency. Using the recorded g-level data, it is shown that 
g- jitter on board KC-135 and sounding rockets, as well as the shuttle, do not 
significantly interfere with convection in the melt at low-g levels. 


Publications 


Griffin, P. R. and Motakef, S., "Analysis of the Fluid Dynamics and Heat Transfer 
during Microgravity Bridgman-Stockbarger Growth of Semiconductors in Steady Periodic 
Gravitational Fields," in Proceedings of ASME-W AM Conference 87-WA/HT-l, 1987. 
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Griffin, P. R. and Motakef, S., "Analysis of Effectiveness of Low-Duration Low- 
Gravity Vehicles during Unidirectional Solidification of Semiconductors, J. Crys t, 
Growth . 1988 (in press). 
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Emi£X SjahiJlll of Thermocapillary Convection in Models of the Fhat^Zone Process 


Arizona State University 

Professor G. Paul Neitzel 

Professor Daniel F. Jankowski 

NAG3-568 (NASA Contact: Dr. A.T. Chai, LeRC) 

September 1987 - September 1988 


Finite-element and finite-difference methods have been used to calculate the 
basic state in a model of the float-zone, crystal-growth process. A temperature gradient 
a ong a nondeformable free-surlace generates thermocapillary convection. The energv- 
stabihty limit (Ma £ , a value of the Marangoni number below which stability is 
guaranteed) for this basic state has been calculated from discrete versions of the 
quadratic functional that defines the limit. The numerical procedures have been verified 
by their application to the basic state in a cylinder heated from below. 

The problem has provided to not only a significant undertaking from the 
standpoint of fluid mechanics and stability theory, but also requires state-of-the-art 
computational techniques and computer resources. In particular, the stability calculation 
equires the treatment of large, sparse, generalized, algebraic eigenvalue problem 
without the Property of positive-definite matrices. In addition, the problem has many 
parameters which hinder an orderly presentation of the results. However, for a certain 
meanmgful range of these parameters, there is reasonable agreement between the finite- 
difference and finite-element stability results. Both methods show the expected increase 
m Ma £ with increasing buoyancy. Both methods show that the "linking parameter" can 
have a significant effect on the stability results, with Ma £ increasing as this parameter 
decreases. In spite of these positive comparisons, there is a difficulty associated with 
varying Prandtl number that is currently being investigated. 


Publications 


Jankowski, D F„ Neitzel, G. P„ and Squire, T. H„ "Energy Stability of Thermocapillarv 

^°* ,0n m a Model Half-Zone," Abstract, 40th Meeting of Division of Fluid Dynamics, ' 
Amei lean Physical Society, November 1987. 
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University of Tennessee, Knoxville 
Professor M. Parang 


u . f . th P research are to- (1) formulate and appropriately scale the 

The objectives of the research are 10 . v ' comDressible flow in a confined 

governing equations for the three develop and 

geometry with various thermal ^th^solution of a special case of the governing 
formulate a numerical scheme for the so experimental conditions; (3) solve 

equations and boundary conditions ^ 

the governing equations and o tai " nu numer i C al solutions with experimental results, 
interest; and (4) compare model of the 

The investigation will focu s °" ^* m ena with special emphasis on the verificat.on 
0 h f e rlT.' the experimental evrdence obtained by the principal 
investigator. 

A recently completed investigation of thermoacous 

transfer phenomena establishes the handling and storage in the space 

manufacturing, materials processing TAC h t trans fer can be an important mode of 
environment. That study ^ transient time in heating of 

heat transfer in microgravity conditions for reduc 8 transfer rates relative 

fluids and can produce up to two orders solutions 

to a pure conduction heat trans e r m ^ transfer ' mode]s in the literature fail to agree 
obtained based on the availab proposed project a study of 

with the results of that experimental 1 the important discrepancy 

TAC heat transfer process will be undertaken to resolve me p 

between the numerical and the experimental results. 


BimMomi oL the No !lz sim Cm duim in. UmdZmmL 


Los Alamos National Laboratory 
Dr. Donald R. Petitt 
C-32005-K (NASA Contact: R.A. 
May 1988 - May 1989 


Wilkinson, LeRC) 


of Hquidi'at a"so e Ud°wall “rtS e < n? Perim “ t! r ,ha< indiCaled a " omal <>“ s slip 

trajectory. If , he effec is real !i ! y env,ronme " t of a KC- 1 35 parabolic 
systems. As a consequence the SuiSr^Thr ! ff° b ^ n f0r „ SPaCe baS = d fluid 
of the established no-slip boundary condition in tow-g^S “ “ ' he Validity 

no-slip tanXyTond^tan XtZVm if the *'*’'*'** 

of slip) in the low-gravity environment of KC ani “ breaks down (by some degree 
factors considered will be shS^te de °n£n' ' 35 paraboIlc trajectory flights. The 
dependence, and the effects of orientation of rn’ V ' SC °f Ity dependence, surface adhesion 
the gravity vector in earrt gray, y and tow 1* “! S Wi ' h reSPeC * 10 

couette flow torsional viscometer with several sleeve w a m 7 reqU1FeS building Up a 
experiments, executing nine KC -133 fliohtc r r, A-re a s ’ performin 8 earth-gravity 
analyzing/documenting results in a report or journal^ublicadon ^ SleCVeS ’ fina " y 
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Morphological Stability and F luid Dmimics of VMQL Cnstal Grow th 

University of Alabama in Huntsville 
Professor Franz Rosenberger 

NSG-1534/NAG1-733 (NASA Contact: Dr. A.L. Fripp, LaRC) 
January 1987 - January 1988 


This research is directed towards a fundamental understanding of the conditions 
under which crystals can retain morphological stability, i.e shape stability of t e 
advancing interface, during growth from vapors. Morphological stability (MS) 
necessaurjf condition for the' growth of homogeneous single crystals required for numerous 
device applications. For crystallization from melts, the MS concepts are well ^eloped 
and are essentially based on heat and mass transfer conditions about the advancing 
interface. For crystallization from vapors, the MS requirements are more complex and 
not well understood. The added complexity arises from the fact that anisotropies in 
interfacial kinetics are typically stronger in crystallization from vapors than from melts. 
These pronounced anisotropies root in the distinctly lower atomic roughness of most 
vapor-solid interfaces. 

The key insights obtained from the experimental and numerical work performed 
under this grant are: (1) with the imcompressibility assumption (uncoupling of Navier- 
Stokes and energy equation), traditionally made in materials processing fluid dynamics, 
much of the essential physics is lost in simulations of vapor crystal growth processes 
(2) even under zero-g conditions, the mere viscous interaction of diffusion fluxes with 
container walls leads to nonuniform concentration distributions (which, in turn, can act 
morphologically destabilizing); consequently (c) on earth, buoyancy-driven convection is 
always present in closed ampoule systems, irrespective of heating geometry and 
orientation of the transport flux with respect to "g". Utilizing these insights, the mass 
and heat transport prevailing about crystals during their growth from vapors are being 
investigated. Concentration fields in the vapor are studied by thermal deflection 
spectroscopy. Concurrently the evolution of the macroscopic morphology of the crystals 
are recorded by Moiree reflectometry. 


The interfacial kinetics aspects of MS in vapor growth are being addressed 
through macroscopic studies of growth features and rates. Materials have been chosen, 
such as CBr^, that, depending on the growth temperature, exhibit atomically rough or 
atomically smooth interfaces. Thus we will be able to correlate the existing, isotropic 
MS models with the anisotropic model as it emerges from our results. In this part o t e 
work we have observed, for the first time, surface roughening to occur as a precursor to 
a solid-solid transition. In addition we have expanded the traditional statistical 
treatment of atomic surface roughness to include the variation of bond strength at 
surfaces. The resulting model predictions agree well with experimental observation, in 
contrast to the constant bond models which fail to yield realistic predictions for vapor- 
solid systems. 


This program is expected to provide sufficient insight into the diffusive- 
convective limitations of morphological stability in vapor crystal growth to ultimately 
warrant a purely diffusion-controlled bench mark experiment in space. 
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Publications 


Bontoux, P., Roux, B., Schiroky, G. H., Markham, B., and Rosenberger, F., "Convection 
in the Vertical Midplane of a Horizontal Cylinder. Comparison of Two-dimensional 
Approximations with Three-dimensional Results," Int. J. Heat Mass Transf 29, 227 
(1986). ' " ' ' 


Rosenberger, F., "Inorganic and Protein Crystal Growth - Similarities and Differences " 
J. Cryst. Growth 76. 618 (1986) 


Buchan, N. 1. and Rosenberger, F., "Mass Spectroscopic Characterization of the 
GeSe:GeI 4 Vapor Transport System," J, Crvst. Growth 84 1645 (1987). 

Rosenberger, F., "Fundamentals of Crystal Growth from Vapors," in Crystal Growth in 
Science and Technology (H. Areds, ed.). North Holland, 1988. 

Banish, R. M., Xiao, R-F., and Rosenberger, F., "Vapor Concentration Measurement 
with Photothermal Deflection Spectroscopy," J. Appl Phvs. - 1988 (submitted). 

Alexander, J.I.D., Xiao, R-F., and Rosenberger, F., "Morphological Evolution of 
Growing Crystals - a Monte Carlo Simulation," Phvs. Rev. A . 1988 (submitted). 
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, . , tnhi u, v n c the Ca use of Mornholom^- Br eakdom dULlIL 

f£^drodj!>iMli£ Inst ability as me — / 

ElectrodeMMlioil 


Massachusetts Institute of Technology 
Professor D. R. Sadoway 

Professor R. A. Brown K1 . n. 

NSG-7645 (NASA Contact: R.K. Crouch, NASA Q) 
October 1, 1987 - September 30, 1988 


The objective Of this work is “ Vestion^.hTrol’e'o” 8 

in initiating and pronto, ing ntotphoiogical 

breakdown during the process. 

The work combines experiments study is unique 

surface structures with calculations o cri i breakdown during electrodeposition 

in several respects. The causes of to investigate the problem 

have never been the subject of a sy are Clearly defined. Specifically, this study 

under conditions where the kinetic processes observation 0 f simple 

is conducted in a physical model _ system control. Furthermore, this 
electrocrystallization under con i ion P v ne rimental observations with mathematical 

study is unique in its attempt to for the analogous 

models of complex fluid flow behavior' this research has the 

of electrodeposition and may have significance rn 

other fields of materials processing as well. 

The experimental program me^asureyhe 0 °/ 

convection by laser interferometry. . . dimension of the electrolyte circulation 

this technique reveals the character Jt of the surface of the 

cells. These data ate compared - —■ of hydrodynamic 

electrodeposit in order to test t yp avoided Furthermore, the 

r:r:^e„T;?rhtirS?rec,^“rSnmln,s'. surface duality is being 
pursued. 

Because the experiments focus on mass In r S‘of °”' 

microgravity has an important! role Wl iere. concen tration for the onset of 

solidification that gravity great y expected that the experiments in this 

» « ,0 prepare for in - ni8h ‘ ,estin8 of the 

theory and calculations. 

The first major accomplishment has been the ’^dMCondhion J^of strict mass 
system in which simple electrocrysulhmt.on s sysIem becauS e the 

transfer control. It was extreme y l Physical properties of appropriate 

database is almost bare in two respects. ( 1 electroplating. The physical model 

aqueous electrolytes and (2) mass tram rfer ». « roll ed < sl ^?™^ te e soUltjons . This 
system is the elec, rodepos.t ion of silver onto stiver -n acid^ and ^ 

^ a re,a,ive,y hish exchanse currem 

density. 
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Sluc /ics iji Elecirok vc/md vnnmirx 


Princeton University 
Professor Dudley A. Saville 


NAG3-2 

February 


59 (NASA Contact: Dr. A.T. Chai LeRC) 
1982 - January 1986 ’ 


("ppHedffWd'sT^gte!' Pr0C£SSeS inV ° IVin8 ' iqU “° P "^ hd p'orl^ionlzTrslLTat high 

Extant theories which account for the rief^ik nf tu* «i ■ « 

associated with charged interfaces deal wi.h m , , Physicochemical processes 

^ ■»*< .0 describe processeTm 

Sc^pr^'^rt °l e,m 1 C d °“ b H le '*»"• hdsorp,i„?a S , interfaces. 
Thus, even though he mode IdepTcts some fe^ " f C0 * W "“ i » <* «""■« facies, 

faithfully, i, fail 8 gi™ ^co^Tensive aSS ° C ' a,ed "»* "»*» 

low field^tren^t^^ec^roiclnetics^vfr W , c ° mUua]on °f a mathematical mode, for 

construction of a simSt ’S f„?r,„id . „T " T" P ° orly ,0 " ized < 2 > 

ions, and (3) extension of the model described m “ 
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Fluid DmMIKS. 


Institute for Theoretical Physics (ITP), University of California, Santa Barbara 

J. R. Schrieffer 
D. M. Eardley 
J. S. Langer 


Fluid Dynamics as a broad subfield of physics has seen explosiv e growth^ 

recent years. Research in this field is ^ ** ^ ” i n c lud[ n g fundamental questions 
Theoretical Physics (ITP) in a num r .. . t material science, astrophysics 

these fields and to meteorology, oceanography and aerodynamics. 

Th . t TP structured around six month research programs involving 25-30 

participants and focussed on specific a 

carried on by the permanent members and post doctorals memt > _ 1987> 

research focus are as follows. 

1. Professor Robert Abramowitz, Trieste; Hydrodynamic! of Thick Accretion Discs 

2. Professor Roger D. Blanford, Caltech; Magnetic and Plasma Processes Near 
Black Holes, Winds from Black Holes 

3 * - 

Sun 

4. Professor Shoji Kato, Univ. of Kyoto; Hydrodynamic Instability of Thick 
Accretion Discs 

5. Professor Arieh Kovigl, Univ. Chicago; Hydrodynamics and 
Magnetohydrodynamic Jets at High Mach Number 

6. Dr. Charles Evans, Caltech; Accretion onto Black Holes; Numerical 

Hydrodynamics 

7. Dr. John Hooley, Caltech; Numerical Magnetohydrodynamics 
Numerous papers were published from this program dealing with hydrodynamics. 

was 

h^rodynamc^to^ynrm^al'lystemMhem^w^exp'iorVd 'hi 1 a ^|Qggi”y^ C 

sr.i-ss xzz °« - 

A third program. Computational Fluids Dynamics will 1 be I held at ITP 
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s^a^ph^ Oy^mioists and scientists front «* 

magnetohydrodynamics plasma Dhvsic’s anH e Program will mcliide hydrodynamics 
be given to communic ling he mos Attention wil1 
disciplines. Some of the kev T P a " d techinques between the 

will be Drs. T. Piran (Hebrew Univ ) R Wilson (LLlTp ’w^Jr" COOrdinators > 

J. Hawley (Univ VA) S Finn frnrniii tt • ? • P W,rta ( Geor S ia State Univ,), 

effectively with this program. ' zek < ' 1IP ^ wiU no doubt interact 

problems^ rtie future* 0 C ° nt ' nue Vlg0r0us reseach in hydrodynamics and related 


articles 


The Institute for Theoretical Physics produces 
per year partially supported by NASA. 


a total of 160-180 technical 
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In 

EfiviroUElSIlL 


Cornell University 
Dr. P. H. Steen _ A 

NAG3-801 (NASA Contact: Dr. b.A 
June 1, 1987 - May 31, 1989 


Kassemi, LeRC) 


The objective of this research is 

stresses promote or inhibit the static cap.l und ! based experiments and associated 

and noncylindrical shapes are consid theory in conjunction with perturbation 

mathematical analyses. Hydrodynami c s tabll ^.^ dge len ^ th . m the experiments 
techniques are used and we take acc0 " including thermocapillary induced surface- 
shear stresses are induced se ^ r deve i op a n understanding of the influence o 

tfydrody^amics'on shape stability; the possibility of a dramatic stabilization is exp or . 

Containment of liquids by The molten 

processing of materials in a space > labora v y example. Wherever surface 

metal region of the float- zone refining “ ° f the contained liquid is limited by the 

geometric 

b- “ ns induced at an 

interface can stabilize the capillary break-up. 


m Mol tP! LSaltsJJ sinz a Lever in a 

Massachusetts Institute of Technology 
Professor Julian Szekely 
David Forrest 

NAS3-24642 (NASA Contact: Fred Harf, LeRC) 

electrom™^,^ of studying 

microgravity environment. The main mnt.wA f " 8 ,a ? er v elocimetry, in a 
the fact that under earthbound conditions the ^utehem" 8 micr °g rav ity is due to 

suits would give rise buoyancy driven which^ 

experiments ( con ce pt! T ^ou mM, e a !(d^"Ct«us Ts''to "f pro ’ ed ,he feasibility of the 
been submitted for parabolic flight expedient, Th ^ built and a P™P°sal has 
provide a full testing of the concept and S n n L ^ paraboIic fli 8ht experiments will 
shuttle or space station experiments 3 S ° Und basis for designing space 
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Collision and Coalesce nce Studies 

Jet Propulsion Laboratory 
Dr. Taylor G. Wang 
In-House 


Space, ab pr ^ 1 ^ ^^yp-^^p^ortTnVt^to^obtain^ua^nUta^We^ata^^ 

ETSMS coalescence of Unhid ,„ 

longest rocket flight tests. 

The results of the investigations will be used to verify existing linear theory, and 
to provide the necessary insight for further theoretical of t t\Tr film 

d d“ — 

energy, are exemplified by inconsistent results appearing in the literatur . 

m fy 1987 we have performed preliminary collision and coalescence experiments 

siSSSS-Br:- 

something significant will be investigated in the follow, ng year. 
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Transmit Processes in Solution Crystal Growth 


NASA Lewis Research Center 
Dr. R. A. Wilkinson 
In-House 


f The ° bjeCtive of this task is to conduct fundamental research on non-incursuve 
direct measurement techniques useful in quantifying transport properties of solution 

transn! ft SySt6mS ' The UtiHty ° f this « *o enable study of diffusion hmited 

transport in low gravity solution crystal growth. y limited 


This activity is being conducted to evaluate the science feasihiiitv nf „*;r • 
Raman spectra, scattering signals to provide 3-dime!Lio“ 7 ^poinflasuLl^ o 8 

i s' re” ponsive "to ^on cen tra ti o^ & d ff ^r ences 6 '“*7* ^ 

face growth rate are documented with optical microscopy V “ d 

. , Precisi0n calibration of Raman intensity vs. KDP concentration at snh n so/ 

tandard deviation error leve.s has been demonstrated. A ffter opt c sampling 1 , 

onitor of fluctuations in laser power to correlate with observed Raman signals With i 

nhntnmV to measure concentration at one spatial location 35mm 

sslilli=l=si s~i 
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Fluid Simulation on Molecular Bas js (Jdolecular Djtnamics l 


NASA Lewis Research Center 
Dr. R. A. Wilkinson 
In-House 


The objective is to establish a molecular level first principles equilibrium and 
non-equilibrium fluid modeling capability simulating presence or absence of gravity an 
its effects on transport and surface phenomena. Molecular Dynamics (MD) simulation 
provides a means to get low gravity information on fluid behavior that can complemen 
and optimize microgravity in space and ground based experiments. The activity will 
develop the algorithm and apply it to a variety of problems; for example, surface 
tension, surface configuration, and to momentum transport near a wall. 

The activity entails, in addition to developing the main program that numerically 
integrates molecular equations of motion, developing algorithms to compute continuum 
fluid local density, velocity, pressure tensor, heat flux, surface tension, and sur ace 
excess quantities. A desktop PC based MD algorithm was developed for molecules in the 
liquid state flowing near a non-wetting wall. A Lennard-Jones 6-12 potential wit 
xenon parameters is being used to model the liquid. Several possible tests for 
equilibrium or steady state are included. The code developed is transportable from a 
PC for small number systems, to the Cray, for large systems. The PC expedites code 
debugging All continuum equilibrium and non-equilibrium fluid properties can be 
calculated from the main algorithm output. To that end supporting algorithms have been 
added: 1) to periodically propagate the initial conditions for a larger system 2) to 
calculate the instantaneous mass density in a selected set of subregions, 3) calculate the 
velocity profile in a selected set of subregions, 4) calculate the self-diffusion coefficient, 

5) calculate the local pressure tensor throughout the fluid. Algorithm development at 
this point is the main activity. 
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4. BIOTECHNOLOGY 
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Center for Separation Science 


University of Arizona 
Dr. M. Bier 
NAGW-693 

January 1, 1985 - December 21, 1987 


The Center for Separation Science has been organized to serve as a center of 
excellence for NASA and the U.S. biotechnology industry in matters relating to 
microgravity science and applications. The Center’s primary expertise is m 
electrophoresis, covering a broad range of its subspecialities, including (1) the 
preparative techniques of electrophoresis, isoelectric focusing and isotachophoresis, 

(2) the mathematical modelling and computer simulation of electrophoretic transport 
processes, and (3) the analytical techniques of two-dimensional and capillary 
electrophoresis. 

This expertise has been assembled at little cost to NASA, through the generous 
contribution of instruments, by their manufacturers from Sweden, Germany and 
England, as well as the U.S. Thus, the Center is presently recognized by industry and 
scientists as a unique resource in electrophoresis. This is attested to by numerous visits 
from industry and its financial support, the presence of postdoctoral fellows i supported 
by German and Swiss science grants, and a graduate student supported by the French 
pharamceutical industry. 

In addition, scientists from the Center have been asked to collaborate in 
microgravity research projects by the German and French national space prganizations, 
which will lead directly to space experimentation. 


The Center is also exploring other novel techniques which may benefit from 
operation in microgravity. These include techniques based on cell fusion, supercritical 
fluids and phase partitioning methods. 


Publications 


Thormann, W., van den Bosch, P., and Bond, A M„ "Voltammetry at Linear Gold and 
Platinum Microelectrode Arrays Produced by Lithographic Techniques, Anal. Chem . — , 
2764 (1986). 

Bixler J. W., Bond, A. M., Lay, P. A., Thormann, W., van den Bosch, P., Fleischmann, 
M and Pons B S., "Instrumental Configurations and Electrode Design for Voltammetry 
in very Dilute Solutions Employing Carbon, Gold and Platinum Microdisk Electrodes in 
Static and Flow Through Cells," Anal. Chim. Acta JH, 67-77 (1986). 

Bond, A. M„ Henderson, T.L.E., and Thormann, W„ "Theory and Experimental^ 
Characterization of Linear Gold Microelectrodes with Submicrometer Thickness, L 
Phvs. Chem. 90, 291 1 (1986). 

Tsai, A., Mosher. R. A., amd Bier, M., "Computer Simulation of Two Electrophoretic 
Columns Coupled for Isoelectric Focusing in Simple Buffers," Electrophoresis 7, 487-491 
(1986). 
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Sloan, J. E., Thormann, W„ Bier, M., Twitty, G. E., and Mosher, R. A., "Recycling 
Isotachophoresis: A Novel Approach to Preparative Protein Fractionation," in 
Electrophoresis '86 (M. Dunn, ed.), VCH Verlagsgesellschaft, Weinheim, 1986, p. 696. 

Thormann, W., Michaud, J. P., and Mosher, R. A., "Theoretical and Experimental 
Dynamics in Capillary Zone Electrophoresis," in Electrophoresis ’86 (M. Dunn, ed.) 

VCH Verlagsgesellschaft, Weinheim, 1986, p. 267. 

Sammons, D. W. and Adams, L., "Color Silver Staining of Polypeptides in Polyacrylamide 
Gels ’” in Ne..w Directions in Elect rophoretic Methods (M. Phillips and J. Jorgenson, eds.) 
ACS Symposium Series 335, 1986, pp. 91-101. 

Thormann, W. and Bond, A. M., "Application of Transient Electrochemical Techniques 
to Inlaid Ultramicroelectrodes: Assessment of Fabrication Quality." j. Electroanal Chem 
218,187-196 (1987). 1 


Bond, A. M., Heritahe, I. D., and Thormann, W., "A Strategy for Trace Metal 
Determination in Seawater by Anodic Stripping Voltammetry Using a Computerized 
Multi-time Domain Measurement Method," Anal. Chem. 58, 1063-1066 (1987). 

Thormann, W., Tsai, A., Michaud, J. P., Mosher, R. A., and Bier, M., "Capillary 
Isoelectric Focusing: Effects of Capillary Geometry, Voltage Gradient and Addition of 
Linear Polymer," J. Chromatoer. 389 . 75-86 (1987). 


Egen, N. B., Twitty, G. E., Thormann, W., and Bier, M., "Fluid Stabilization during 
Isoelectric Focusing in Cylindrical and Annular Columns," Sep. Sci Technol ?? R81- 
1403 (1987). 


Kuhn, R., Wagner, H., Mosher, R. A., and Thormann, W., "Experimental and 
Theoretical Investigation of the Stability of Stepwise pH Gradients in Continuous Flow 
Electrophoresis," Electrophoresis 8, 503-508 (1987). 

Egen, N. B., Russell, F. E., Sammons, D. W., Humphreys, R. C., Guan, A. L., and 
Markland, F. S., "Isolation by Preparative Isoelectric Focusing of a Direct Acting 

Fibrinolytic Enzyme from the Venom of Agkistrodon Contortrix Contortrix " Toxicon in 
press. ’ 


Bond, A. M., Henderson, T.L.E., Mann, T. F., Mann, D. R., Thormann, W., and Zoski, 
C* G., A Fast Electron Transfer Rate for the Oxidation of Ferrocene in Acetonitrile and 
Dichloromethane at Ultramicroelectrodes," Anal. Chem . submitted. 
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Research i>l Biolmcal Semr atmi and Cell Cultu re. 

University of Texas Health Science Center at Houston 

Dr. R. William Butcher, BRCH 

Dr. Baldwin H. Tom, BRCH 

Dr. L. Scott Rodkey, U.T. Medical School 

NAS9- 17403 (NASA Contact: D.R. Morrison, JSC) 

June 1985 - September 1988 

, U tVvP Rirmrocessing Research Center at Houston 

The objectives for the research at t ^ technology in partia i 

(BRCH) center around development of bi P research invo lves three interrelated 

support of NASA’s efforts in bioproces i • McDonnell Douglas, Continous Flow 

objectives: (1) New resea^h app ication candidates for spaceflight separation 

KS ( c M — (R,EF) for 

purification of cell products direct from culture mediu . 

CELL SEPARATIONS LABORATORY 

a — ,0. 

kses - — - 

and subcellular particles. 

EVALUATIONS OF CELL CANDIDATES FOR NEW FLIGHT PROPOSALS 
Screening of new ceil candidates for 

stability in culture and target cell function mu requirements sensitivity of assays 

attachment and growth KS^l'S™ must be thorough, 
for target methods, laser-activated flow 

cytometry and sorting, and isoelectr, ic focusing are “ fmerrn^ ^ 

for separating target cells on Earth and to Predc experiments separating SKHEP 

— « ,, rri i ^ u,,e 

liver and CALU-3 lung ceii u T-lvmohocyte clones selected for 

aSdeTe— Tor myoglobfn and apo-myglobin, and colon cancer cells which 
produce carcinoembryomc Antigen (CEA). 

PROTEIN SEPARATIONS FROM CONDITIONED CULTURE MEDIUM 

, , .„. ,.rrr experiments have demonstrated that proteins can be purified 

directly for^^edium ^^ n^r^ctmcentrMed^that^tha^onr^artlu^iRecirculatntg^ 

SteS^r S^^, S ^ m es, and other protein products. 
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Protems siiiteWe for CFES must be tolerant to initial concentrating steps since the carrier 

in h oh dl U eS thC Sample stream - In contrast, proteins which normally must be purified 
m high concentrations of urea or guanidine (to prevent precipitation at The isoelectric 
point) are l likely candidates for RIEF in microgravity. Recent results have shown 

erad^enf 6 nlf- 6 -t- Ctl ° n ? between target P roteins and ampholytes used to establish the ph 

RIEF and HPLC Z °f POtential . fligbt experiments include comparisons of CFES with 
Kith and HPLC purification of interferon and monoclonal antibodies. 


Publications 


*T°Ip 1 P ’ Pla ". k ’ L D -’ Kunze > M.E., Lewis, M.L., Morrison, D.R., and Barlow G H • 
iSZTTZSSSli n A 24 S 6 0 , f Livi " 8 Ce,,s from Solid Tta “ 

ZZL/fFu,X Volume 34) Pergamo 0 / in °< 

Damron, K.L. Barlow, G.H., Lewis, M.L., and Morrison, D.R., "Comparison of 
ibrinolytie and Chromogenic Methods for Assay of Plasminogen Activators in Oilfniv* 
Medium From Kidney Cell Subpopultations," J, Fibrinolv.i. 2 ( 1987 ) 
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Protein Crystal Growth ill Ls ™. Gravity. 

Stanford University, Center for Materials Research 
Professor Robert S. Feigelson 
NAG8-489 (NASA Contact: Marc Pusey) 

August 8, 1984 - December 31, 1987 


The objectives of this research task are: (1) to understand the mechanisms of 
protein crystal growth and (2) to design a space flight experiment to compare ground 
base data with that obtained in microgravity. 


A program to study the mechanisms of protein crystal growth and what 
parameter influence that growth. Canavalin will be used as a model protein. wi 
grown bv changing the pH of the protein solution by concentrations and temperatures^ 
Omcen^ration-fnduced flows will be studied using Schlieren techniques. Measurements 
will be made of the concentration of both the protein and the hydrogen ion over time. 
The same type of measurements will be made with lysozyme to invest, gte the interaction 
between the precipitant and the protein. Techniques of local supersaturation control 
will be investigated as a means of controlling nucleation. Growth by supersaturate 
Control will be studied. The data gathered in earth-gased experiments will be used to 
design a space flight edperiment to gather the same type of data in a low-gra y 


environment. 
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Celj Partition i n Two Aqueous Phase System 

University of Alabama in Huntsville 
Dr. J. Milton Harris 

NAS8-35362 (NASA Contact: R. J. Snyder, MSFC) 
July 1987 - July 1990 


The goals of this work are to understand and control low-g demixing of two- 

nni aSe th y i temS , f ° rn ?w by solution of pairs of Polymers (generally dextran and 
polyethylene glycol) in water and then to use these systems to purify cells by 

partitioning The immediate objective has been to control demixing by controlling wall 
wetting with covalently-bound polymer coatings. Ground-base experiments have now 
een completed which show that we can achieve esentially any contract angle between 
e phase interface and the container wall by using dextran coatings of different 
molecular weights. The next step will be to use the Shuttle to determine the effect of 
wall wetting on the rate of demixing in the absense of density-driven sedimentation 


Publications 


^ er p r , en ; B ‘ Shafer ’ S. J., Van Alstine, J. M., Harris, J. M., and Snyder R S "Control 
0987) °° Sm0S1S m C ° ated Quartz CapiIlaries ’" j- Colloid Interfax Scf, 51,46-55 

v - Banibe r rger ’ S - B - Harris, J. M„ Van Alstine, J. M., and Snyder R S 
Demixing Kinetics of Phase Separated Polymer Solutions in Microgravity "In ’ 

ESaI °” Material Sciences u " der Microgrnity Conditions, 

° f Oligomiric olyoxye t h yl e„e, 

Yoshinaga, K„ Shafer, S. G., and Harris, J. M„ "Effects of Polyethylene Glycol 
Substitution on Enzyme Activity," J, Bioact. Compatible Polvm 2, 49-56 (19^87). 

Bamberger, S. B„ Van Alstine, J. M„ Baird, J. M„ Harris, J. M and Brooks D E 

iST l££oSS) POlymer TW °' PhaSe SySKmS in ,he Absence ° f Gravity.- 'sen. M 

Hams, J. M. Brooks, D. E„ Boyce, J. F„ Snyder, R. S„ and Van Alstine J M 
b dr .° Ph ! l p Polymer Coatings for Control of Electroomsis and Wetting” in' Dynamic 
Aspects of Polymer Surfaces, Chapter 12 (J.D. Andrade, ed.). Plenum, 8 ] 987. ’ 

Harris, J. M., Hovanes, B. A., Yoshinaga, K„ Snyder, R. S„ Van Alstine J M Karr I 

Mafp a ^f er h Se pK S ' o Boyce ’. J - F - and Brooks, D. E„ "Purification of BiJlogi^al 
ria s by Phase Partitioning," Polymer Preprints 28 . 465 (1987) 
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Biohrgical Ss^a^cUiofis ijt MiFZQELQSlLy. 


Johnson Space Center 
Dr. Dennis R. Morrison 
In-Center 

January 1985 - Present 


issr.sasss 

College of Medicine, and Penn State University. 

GROUND CONTROL RESEARCH 

Current ground-support research includes: 1) comparative separations with 
commercially available Continuous Flow Electrophoresis (CFE) devices and o her free- 
HuTd electrokinetic separations methods; and (2) CFE control studies and analytical 
electrophoresis measurements in support of cell separation fl.ght exper.ments us.ng 
electrophoresis systems designed specifically for enhanced resolution (and throughput) 
under microgravity conditions. Collaborations between NASA centers and academic 
institutions involve purification of secreted cell products and development of improved 
nroduc assays Results include new ultra-sensitive ELISA and chromatographic assays 
and new methods to detect different bioactive vs. immunoreactive hormones secreted > 

human cells. 

Urokinase and other plasminogen activators are used to activate 'J^^have 
fibrinolysis mechanism which dissolves blood clots after they are r „ wiu 
shown that cultured subpopulations of human kidney cells separate y 
produce ,W0 differed molecular forms of urokinase (uPA : s-gle-ch™ ' 

(scuPAV PA inhibitors; and tissue-plasminogen activator (t-PA). Several experiments 
were conducted to compare CFE results with RIEF 

separations on various culture media containing urokinase The CFES was able to 
resolve different urokinase molecular forms better than RIEF; however the RIEF was 
able to separate total plasminogen activators from other proteins better than C . 

FLIGHT SEPARATION EXPERIMENTS 

The flight projects are focused on completion of the analysis of flight samples 
from cell separation experiments on STS-8 which were compromised by the P re- flight 
contamination and operational problems during the mission. 

8 different concentrations of human kidney celts were separated into more than 33 
fractions Microscopic studies of cells cultured after separation showed a unique 
distribution of four morphological types (believed to have different functions) and a 
unexpected distribution of cell size according to EPM. Surprisingly, all cultures 0 
separated cells produced some uPA and tPA. Five to six fractions produced significa > 
more uPA than^id the other fractions. All flight cells were needed for postflight 
cultures to identify the highest producing cell fractions, so follow-on futher mechanism 
studies were not done. However, analyses of the remaining 3000 medium samples from 
the cultured flight cells continues. 

Injecting high concentrations of cells into CFE devices reduces the bandspread 
and resolution. The mobility distribution of kidney cells is reduced by 50 /o at sample 
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input concentrations greater than 2 x 10 +6 cells/ml. Pituitary cells also appear to 
encounter the same problem at concentrations greater than 2 x 10 +7 cells/ml 

fn 0 ^ Par | i 1 S T S , 0f c. CF M ex P eriments . on STS-8 indicate that the effect is absent' up to 8 x 
U cells/ml. Similar concentration effects have been demonstrated in the EPM 
distribution of cultured SK-HEP liver cells. A four-fold increase in sample 
concentrJttion reduced the EPM distribution bandwidth and the mean EPM by more than 
5 o. Studies are underway to elucidate mechanisms and predict the practical upper 
limit for cell sample concentrations under microgravity conditions. Three possibilities 
are under investigation: (1) effects of buffer formulations and mismatches in local ionic 
concentrations between the sample and carrier buffers; (2) effects of Ca ++ and Me ++ 
ions and new methods to avoid cell clumping; and (3) CFE experiments on different cell 
types to see it the 1-g limitation holds for all cells. Preliminary results from 
comparisons of CFES and ACE 710 separations of the same cell lots indicate that cell 
c umping also is a major problem at high cell concentrations in the ACE 710. 

The results of STS-8 clearly demonstrated some advantages of cell separations in 
microgravity; however, the experiments must be repeated under optimum conditions to 
determine the full potential of CFES for live cell separations. Enough viable cells in 
each supopulation must be returned for the functional assays to identify the target 
fractions which then can be subcultured for addtional studies. Current work involves 
redefinition of micro-g separations of human kidney cells and mammalian pituitary cells 

^ next genera J' on of CFE or other flight hardware. This research includes^ (a) 
e elopment of next flight protocols; (b) improvements in sample handling and pre- 
launch support; and (c) conduct of new control experiments to compare with the 
microgravity separations. 

EFFECTS OF FLUID SHEAR ON CULTURED CELLS 

In 1985 Stathopoulos and Heliums at Rice University showed increased secretion 

shenr°<!t inaSe p ?‘ ,mary cultures of human embryonic kidney cells subjected to low 
shear stress. A similar result was found for the secretion of prostacyclins by cultured 

wXinwJ,! 3 7 ( f r rangos . et - a1 ’ 1985 >- Our experiments at JSC in collaboration 
M3 dvnpc/ lg ^? rS at the Univ ® rs,t y of Houston (Goochee) indicate that low level shear 
(13 dynes/cm ) causes intracellular synthesis of some twelve new "shear stress" proteins 
which have not been reported before. proteins 


Publications 


Morrison, D. R. and Todd, P.: An Overview of NASA’s Program and Experiments in 
Sm PP mC,0grmiV Scimce md Nations, National Apadamy 


Todd, P. Plank, L. D., Kunze, M. E., Lewis, M. L., Morrison 
Electrophoretic Separation and Analysis of Living Cells from 
Methods. J, Chromato. . 364 . 11-24 (1986). 


, D. R., and Barlow, G. H.: 
Solid Tissues by Several 


Todd, P. Plank, L. D., Kunze, M. E., Lewis, M. L„ Morrison, D. R„ Barlow G H 
anham, J. W and Cleveland, C., "Electrophoretic Separation of Cells Human 
Embryonic Kidney Cell Cultures as a Model," Chromatngranhu 15, i_ 4 ( i 986) 
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Hymer, W.C., Grindeland, R., > Hayes ’ • ’ proceedings of the 33rd Annual Meeting of 

Sciences, Biotechnology, and Nlicrogra y University of Colorado. 

the American Astronautical Society , October 1986, University 

Hymer, W. C., Barlow, G. H., B j^ is< j! e1 !’ S J '^'Lanharn ^W.^Lewis, M. L., Morrison, 
Feldmeier, M„ Grindeland, R ’ 1 E Jj tf, ® 1 ^V \ s ’ charp D ’w„ Synder, R. S„ Swanson, C. 

° A of Proteins and 
Cells from Mammalian Tissues," Cell Biophys jcs, 10, 61-85 (198 ). 

j _ . u , Attachment in Microgravity," in Results of 

M («**$« Shuttle ,98, -,986 (M.W. Bongo and T. 

Bagain, eds), NASA TM 58290, pp. 85-86(1987) 

M o r ,ison O. R .ew. --- 

nasa ™ 58280 ' p 87 - 910987 ' 

. . n R "Rioseoarations- Flight Experiment Support Research," in Proceedings 

Conference of the Society for the Advancement of 

Materials and Process Engineering, SAMPE, 1987. 

Morrison, D. R„ 'Comparison of Biosepararion Methods f° r 1 ^^ c ^® r ^^ ) EXPerimen ' S ’" 
PwclTdings 0 / the A1AA 26, h Aerospace Sciences Meeting, 1988 (rn press), 

Todd, P„ Morrison, D, R„ Hymer C p, '^fjingsofihe^m'Arnial Meeting of the 
Bioprocessing in Space, An Over , Cnmmmission on Gravational Physiology, 

international Union of Physiolog, ^aencee. Comm d p^ologis, 1987 

Nitra, Czechoslovakia, Sept. 28- Oct. 1, 198/. aiso v 

(accepted). 

^^ces^Biotec^n^olog^and^krogrk^ty.^n^TOk^dMgs 3 ”/ Me^frtf'Amtuai'hfetufng 

of the American Astronautical Society , 1987, rn press. 


Presentations 


r>r x m • pi p ’’Activation of scuPA in Human 

29, 1986. 

i-n , j • w i • "TransDort Harvest and Attachment of Kidney Cells on 
Microcarriers fn Mic'ro-i," presented at the Annual Meeting of the Am. Soc. 
Gravitational and Space Biology, Charlottesville, Oct. 1-3, 1986. 

Am. Chem. Soc., New Orleans, LA., 1987. 
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Cdl Majmenance Systems and Infhzht Biological Samnlb,* Handling 

NASA Johnson Space Center 
Dr. Dennis R. Morrison 
In-Center 

April 1985 - continuing task 


•ha„ a FeZZZ" Cells ZjIZcoZoU TlltrZZZZZ' T r Ub3 '° r ^ more 

s;i: z::zrz zz e h rL r 

—Z C™ce“ 8 a r S a,i0 " a " d » f 

are synthesized by ° f stress ,esponse Proteins" 

deprivation, and subnormal glucose levels ExDerime^T^ k^ 55 ’ dlssolved ox ygen 
PAGE to determine the patterns of ntratnui? have been ^"ducted using 20- 

kidney (HEK) cells exposed to thrPP S Protein synthesis for human embryonic 

growth 'condition „ 7*1 escem med um (1 > normal 

stress), and (3) exposure t^LTstres ^ H 2 2’i } h ° UrS 31 ^ ( tem P era ^e 
flow chamber for two hours The oatternc nf ^ Pe > square centimeter) in a laminar 

different under pr0tei " ^esis were very 

eleven intracellular proteins wire observed in 2D PAG^Z' 8 ^ ^ 3t leaSt 
the control cells. These are well rwnmpnt a "u A ? E 86 S that were not evi dent in 
stressed cells, at least Wtwn proteins ' the shear- 

not in the control cells. There was litde overl t 0b f rVed in 2D ' PAGE that were 
proteins and the fifteen "shear-sTres ■ n ? a >etween the e,even "heat-shock- 

functional response to low level shear Techn’ * ndlCating that these cells have a specific 
radioisotone labeling of cell to use the lul ^ ^ "° W being f ° r inf,i 8 ht 
experiments. A method of accurately mea u Venfy stress levels during the 

proteins is being developed as a technin.ie uring tI ’ e exact synthesis rate for specific 
culture and harvesting apparatus " $t ^ PCrformance of cell transport 


maintain live cells tongT/th^^ ° n STS "f is bein 8 redesigned to 

developed for harves.ing cells and concentrating lhr«ll^iSVi , „T ,,US ^ bei " e 
free medium for inflight assavs Ctp r ;i 0 ™ * • 611 su P enslon and removing cell- 

are being deve.oped i„ 8 ' Stic^T Z 

Imng cells for electrophoresis and cell biology experiment “““ “ SUpport 

The Skylab Biological Specimen Test Apparatus tRgT a ^ oi • . . 
support cultures of both plan, and animal cells in the VS Riddick 8 m ° dified ‘° 
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Containeiiess Polymeric Micro sphere Production / Biotechnolos )' 


Jet Propulsion Laboratory 
Dr. W-K. Rhim 
Dr. Michael T. Hyson 
Dr. Manchum Chang 
NAS7-918 

September 1987 - September 1988 


The objective of this task is to investigate containerless production of 
monodisperse polymeric microspheres for biomedical applications. Microspheres of 
precise sizes and specific properties are needed for medical diagnostic tests, 
chromatography, cell sorting, and cell labelling. The uses and economies involved in the 
mass production of biomedically valuable microspheres in space will be investigated. 

Using a ground-based electrostatic levitator, various monomer or polymer 
droplets will be injected, levitated, polymerized, and collected. Conditions needed for 
polymerization, monodispersity, the physical and chemical properties and their utilities 
for various biomedical purposes will be determined. Information derived from these 
experiments will be used to assess the feasibility of mass producing microspheres in the 
space microgravity environment. In addition, using monodisperse HEMA particles we 
produced, antibody binding tests will be carried out followed by affinity separations of 
bone marrow cells, separations of natural killer lymphocytes, and cell labeling by 
fluorescent particles. 


Publications 


Rhim, W. K., Hyson, M. T„ Chung, S. K., Colvin, M., and Chang, M., "Containerless 
Polymeric Microsphere Production for Biomedical Applications," in Materials Research 
Society Symposia Proceedings. Materials Processing in the Reduced Gravity Environment 
of Space . Volume 87 (R.H. Doremus and P.C. Nordine, eds.), MRS, 1987, p. 225. 
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Research and_ Technolo^y_ jor_ Isoelectric. Focusing 


University of Texas Health Sciences Center 
Dr. L. Scott Rodkey 

NAS9- 17403 (NASA Contact: C. Sams, JSC) 
January 1987 - January 1988 


This research is designed to develop and optimize both analytica and preparative 
isoelectric focusing technologiesl This involves development of analytical techniques for 
ultimate use in aanalyzing separated proteins which are separated by other techniques. 
Additionally, we are undertaking comparative studies of continuous flow electrophoresis 
and recycling isoelectric focusing to determine relative characteristics of throughput, 
resolution, denaturation, and other characteristics involved with the different techniques. 
Work related to both preparative and analytical isoelectric focusing technologies which 
involves optimization and chemistry for synthesizing inexpensive ampholytes are 
underway. Related to this, are studies of ampholyte-protein interaction and studies to 
eliminate such interactions. 

Initial studies were undertaken in order to optimize analytical isoelectric focusing 
techniques. These studies involve development of techniques for transblotting of 
proteins from analytical isoelectrc focusing gels onto nitrocellulose membranes. These 
studies were successful in that techniques were developed which were highly sensitive. 
Using the analytical techniques which were developed, studies were undertaken to 
characterize hybridoma products. Studies of standard hybridoma antisera which are 
standards used by CDC (Center for Disease Control) in Atlanta, were studied by this 
technique. These studies pointed to this analytical technique as being the method of 
choice for quality control of hybridoma synthesis. 

Addtionally, studies have been done to optimize the chemistry involved with 
synthesizing inexpensive ampholytes. These studies are focused on attempts to make 
high quality, high resolution ampholytes. These studies have been very successful, in 
that several new chemistries have neem evaluated and incorporated into methodology for 
synthesis of inexpensive carrier ampholytes for large scale isoelectric focusing. Closely 
related to this, are studies of ampholyte-protein interaction. These studies have 
successfully shown that ampholytes interact with proteins in an ionic manner, his is to 
be distinguished from ampholoyte interactions by other means, such as hydrophobic 
interactions, which we have shown do not occur. Further, these studies have been 
successful in showing methods for removal of ampholyte from proteins following 
isoelectric focusing. These studies are highly significant, in that it gives a 
methodological approach to removing ampholytes from proteins following large scale 
protein purification by preparative isoelectric focusing. 

Other studies have been initiated which attempt to compare various properties of 
the MCDonnell Douglas continuous flow electrophoresis system with that of the 
recycling isoelectric focusing system. Numerous parameters have been studied in 
attempts to understand the positive and negative features of both techniques. Studies 
relating to questions of resolution, capacity, and other characteristics have been carried 
out. Clearly, the recycling isoelectric focusing has been shown to have much higher 
resolution than continuous flow electrophoresis. The question of capacity of each 
technique remains somewhat open, in that there are clearly limitations on each 
technique, but the limitations see to be unique in each case, which makes direct 
comparison of this parameter difficult. 
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Rodkey, L. S. and Hirata, A., "Studies of Ampholyte-Protein Interactions," in Protides 
Biol. Fluids 34, 745-748 (1986). 

Knisley K and Rodkey, L. S„ "Affinity Immunoblotting: High Resolution Isoelectric 
Focusing Analysis of Antibody Clonotype Distribution," J. Immuno. Methods 91, 79-87 
(1986). 

Hamilton, R. G„ Roebber, M„ Reimer, C. B„ and Rodkey, L. S., "Isoelectric Focusing- 
affinity Immunoblot Analysis of Mouse Monoclonal Antibodies to the Four Human g 
Subclasses," Electrophoresis 8, 127-134 (1987). 

Hamilton, R. G., Roebber, M., Reimer, C. B., and Rodkey, L. S., "Quality Control of 
Murine Monoclonal Antibodies using Isoelectric Focusing Affinity Immunoblot 
Analysis," Hvbridoma 6. 205-217 (1987). 

Seferian, P. G„ Rodkey, L. S„ and Adler, F. L„ "Selective Survival and Expression of 
B-lymphocyte Memory Cells during Long Term Serial Transplantation," Cellular 
Immunol. 1 10 . 226-232 (1987). 
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Celj Serration and. ChamclejTzation 


University of Texas Health Sciences Center 
Dr. L. Scott Rodkey 

NAS9- 17403 (NASA Contact: C. Sams, JSC) 
January 1987 - January 1988 


The research objectives for this project are to establish a continuous flow 
electrophoresis separation laboratory, complete with characterization facilities for 
studying separated cells and cell products. Additionally, this center has as a principal 
goal, studies of various types of cell populations, and studies of feasibilities of cell 
separations for various types of cells and cell lines. 


The research tasks involved in this project are principally separation and 
characterization of cell populations and secondarily, characterization of cell products 
( ormones, peptides, enzymes, etc.). Studies are underway to characterize subets of 
human kidney cells (HEK-871) and human hepatoma cells (SK-HEP) Other types of 
cells which are under study include CALU-3, cells derived from human lung 
carcinomas human bone marrow cells, NIH 3T3 tumor cells, and the AS3 T-cells which 

lu NI “ 3T3 u ceIls u whlch have been transfected with DNA from human skin tumor cells 
All cell lies have been, or will be, separated on the CFES abd subpopulations will be 
characterized for different biochemical and functional characteristics. A second area 
w ich is being studied is that of use of the continuous flow electrophoresis equipment 
for separation of cell products. Principal among these is carcinoembryonic antigen and 
monoclonal antibodies. Results to date indicate poor recovery for carcinoembryonic 
antigen and excellent recovery for monoclonal antibodies. The continuous flow 
electrophoresis technology appears to be quite useful for first step purification of 

™"“ i a rrF° 7 d m S fr0m asciticf,uid - Another are * of work involves comparison of 
the Coulter ACE 710 instrument with the McDonnell Douglas continuous flow 

electrophoresis system in order to determine if the ACE 710 can function as an 
appropriate screening technology for cells to be separated in the continuous flow 
electrophoresis system. Results to date indicate that, for some cell populations the ACE 
70 appears to be a reliable method for analysis of cell populations for their behavior in 
continuous flow electrophoresis. 
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En hanced Hybndoma P roductio n Using Electro fusion under MicroRLmM 

University of Arizona, Tucson 
Dr. David W. Sammons 

NAG8-716 (NASA Contact: R.S. Snyder, MSFC) 

May 1, 1988 - April 30, 1993 


„ . . Hybndo “ a technology and the production of monoclonal antibodies (MABs) has 

revolutionized biomedical research and medical diagnostics. MABs present new 

es P sentarfoTdJf r the of . cancer ’ for the production of vaccines, and are 

essential for defining second-generation tests for the detection of life-threatening viruses 
such as Human Immunodeficiency Virus Types 1 and 2. 8 

. . M . ost M ABs are derived from antibody-forming B-cells (usually the spleen of 
rodents) immunized with relatively large amounts of antigen and are immortSS by 

t0 SultabIe myeloma cells using polyethylene glycol (PEG). Antigen- 
specific hybridomas are selected from the many irrelevant hybrids that result from this 

bSn. P .T? y a , varie,y 0f SCreening me,hods incl “ d ‘"* immunca ss ay western 
blotting and tissue staining. It is then necessary to sub-clone hybridomas previously 

selected to ensure their clonality and stability by any variety of labor-intensive methods 

MAB° uS the SCr ! eni T P T t0 the " scale - up " for the production of the desS 
^ B ki PV ng conv entional methods, a period of six months may be required for a 

Se ' eCKd ' ^ *" d *" d 


To date overall efficiency and cost of production has proven adeauate for most 
“ pp “ '“ ns ' Never,heless . new applications (e.g„ production of immunovaccines which 
e against raptdly m „,a,i„ g and poorly immunogenic vhuses and 
mmunotherapy of constantly changing malignant cells) will require large increases in the 
efftctency of ant, body production and a substantial shortening of the «me reared for 
generation, selection and manufacture of suitable MABs. Moreover the^roblems 

life^sub ^DtimaT h’° 1 xenographl ? MABs for "in vivo" applications (including short half- 
? biological activity and the potential for life-threatening anaphylactic 
reactions) dictate the increasing need for human MABs. The production 1 of useful 

ntalUn, cells a“e 'ScilJT be C^ndT^TZj^^pr'SS 

L^e'xce^Welv Iona ^ f or P roduction of ^able quantities of human MABs will 
anti-UimoMherapy?' " a '' y for ,he ° f tatnunovaccines production and 


= r a/d — sssss: ay: 

technology will be readily transferable to the production of human hybridomas. 

The long range objective of this cell fusion program is to attain hieh fusinn 
frequencies and hybndoma yields with methods that are rapid and efficient and which 
re irect y a aptable for future applications of the monoclonal antibodies. The primary 


113 



mission of our effort is to perform ground based and microgravity ^earch to improve 
electrofusion methodology and utilize the advantages offered by new technologies 
cell selection and isolation which are required for the accomplishment of our long range 
^1 Our strategy is to pre-select antibody-producing B-cells prior to fusion (thus 
avoiding the need to select post-fusion selections), utilize in vitro immunization using 
ami T-«!r,ecep.o, complex MABs, utilize elec, rof usion instead of PEG an fondue 
experiments under microgravity to advance our knowledge about the fundamenta 
principles and processes involved. 

The prospect that the frequency of fusion and the yield of viable hybridomas is 
greatly enhanced under microgravity has been demonstrated with short du "J 0 ® 
of the TEXUS sounding rockets. We will be participating in the KC-135 and sounding 
rocket flights to extend previous findngs under microgravity and to test new protocols 
SMS that are be?ng developed during our ground based research. T e wor . 
directed toward optimizing electrofusion conditions and will utilize microgra lty 
exDeriments (to be performed without sedimentation and convection forces) to advance 
our program goals. This research will culminate in a series of shuttle-based experiments 
designed to fully exploit the microgravity effects on cell fusion me- 
subsequent missions. 

To provide well-designed flight opportunities, the ground based research must 
address a number of defined and undefined cellular and physical limitations of the 
lefoma ceu the B-cell lymphocyte, the fused hybrid, growth and marntenance 
conditions, separation and evaluation methodologtes and electrtc field 
Because of the multi-faceted nature of our cell fusion program, we are proceeding a g 
several investigative lines in a simultaneous fashion. The current research tasks are 
follows: (1) discover and develop optimal fusion partners for electrofusion (2)^ develop 
optimal growth and maintenance conditions for parental and hybrid cells under in viv 
conditions (3) analyze cell populations and single cells for accurately monitoring cellular 
effects of the electric field conditions on the fusion process, (4) separate and recover cell 
hybrids from the parent cells for determination of fusion frequencies and hybr.doma 
yfelds (5) recover cell organelles, membranes, and macromolecules of fused cells to 
determine the underlying changes that may be responsible for irreversible cell damage 
during execution of the fusion procedures, and (6) improve and innovate existing 
hardware for fusion of small numbers of cells under both ground based and microgravity 
conditions by taking into account the ground based and microgravity data. 

This work is being performed in collaboration with Drs. Normal Klinman, Garry 
Neil and Howard Urnovitz, and in conjunction with Scripps Research Institute, 
University of Iowa, Calypte Biomedical Company (United States), and Drs. Kurt Hanmg 
and Ulrich Zimmeimann of the Max Planck Instate and .he Univers.ty of Wuerzburg 
(West Germany). 
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Fluid, Mechanics o[ Continuous Flow Electrophoresis. 


Princeton University 
Dr. D. A. Saville 

NAG 8-759 (NASA Contact: Dr. Robert Snyder, MSFC) 
August 1986 - July 1988 


A definitive set of micro-g experiments were proposed to establish the 
hydrodynamic characteristics of continuous flow electrophoretic separation devices 
operated with homogeneous buffers. These results will help establish the ultimate 
resolving power of the process. The program is a joint effort between Princeton and 
MSFC. Efforts at Princeton are devoted to: (i) improving the extent mathematical 
models to predict flow and particle trajectories in the apparatus as conceived at MSFC 
and (ii) a study of the effects of particle concentration on sample conductivity and 
dielectric constant. The latter have been identified as playing crucial roles in the 
behavior of the sample and, thus, on the resolving power and throughput of continuous 
flow devices. 

Earlier work at Princeton (under contract NAS8-32614) showed that particle 
concentration has a strong influence on sample conductivity (more specifically, on the 
"real" or "dc" conductivity). Recent work has shown that the dielectric constant (the 
"imaginary" part of the complex conductivity conductivity) is similarly affected. 
Concurrently, experimental studies by P. H. Rhodes at MSFC showed that sample 
conductivity influences the spreading of the sample. A large conductivity mis-match 
between sample and the buffer causes the sample to spread rapidly from the front to 
rear walls of the channel. Rhodes developed an electrohydrodynamic theory of this 
spreading which shows that in addition to the conductivity, the dielectric constant should 
also affect spreading behavior. To optimize performance of a continuous flow device it 
will be necessary to understand the spreading process and, therefore, how it is 
influenced by the conductivity and dielectric constant. Accordingly we need to be able 
to measure the dielectric behavior of the sample as well as the DC conductivity. The 
Princeton group is working on development of a device to measure the conductivity and 
dielectric constant (the complex impedance of the sample) over a range of frequencies 
and relate them to the properties of the sample particles and the buffer. Progress has 
been excellent thus fare and we can measure these properties of a given suspension at 
frequencies between 500 Hz and 200 KHz. A complete frequency scan takes about 25 
minutes, far faster than existing techniques. 


Publications 


Zukoski, C. F and Saville, D. A., "Electrokinetic Properties of Particles in Concentrated 
Suspensions", J. Colloid Interface Sci. 1 1 5 . 422-436 (1987) 


Presentations 


Saville, D. A., "Electrokinetic Phenomena" (Invited Review), The 1987 Conference on 
Physico-chemical Hydrodynamics, Oxford, England, April 1987. 
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Myers, D. and Saville, D. A., "An Instrument for Measuring the Dielectric Properties of 
Suspensions," Annual Meeting of the American Chemical Society, New Orleans 
September 1987. (Abstract) 
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Electw^horesil TechiolQRy. 


Marshall Space Flight Center 
Dr. Robert S. Snyder 
Percy H. Rhodes 
In-House 


The objectives of this program are to: (1) analyze the Fluid flow and Particle 

placet" 

3 develop innovative 5 methods to accomplish electrophoretic separations tn space, (4) 

- - 

developed to yield improved separation. 

ofcont^KS^Xt^ 

electrohydrodynamic effects causes major broadening of the separated ba . 

The electrophoresis separation process can be considered to be simple in concept 
but flows local to the sample filament produced by the applied electric J ie I d h ^ e r 
been considered. These electrohydrodynamical flows, formulated by G.I. Taylor in 1965 
for drops suspended in various liquids, distort the sample stream and limit the 
seLSn In addition, electroosmosis and viscous flow, which are inherent in the 
continuous flow electrophoresis device, combine to further the 

Electoosmosis causes a flow in the chamber cross 

sarrmle stream while viscous flow causes a parabolic profile to d p 

olane These flows distort the electrophoretic migration of sample by causing a varyi g 

sr.sss a 

or less than comparable constituents closer to the chamber wall. 

A moving wall concept is being developed for laboratory testing which will 
eliminate and/or control all of the above-mentioned disturbances. The moving wall will 
entrain the fluid to move as a rigid body and hence produce a constant residence time 
f^U simple distributed across the chamber thickness. By aligning the moving wal at 
In angfe Z he chamber axis, a component of the moving wall mot, on can be i made to 
onnos! and hence cancel the electroosmotic flow. In absence of electrokinetic effects, i. 
e P electroosmosis the electrohydrodynamical effect manifests itself as a ribbon, being 
eilhervetSTStpendicula, to the electric field) or horizontal (align* w»h he elect, c 
field) depending on the ratio of conductivity of the sample to that of the buffer. 
Therefore, by using low conductivity sample solutions to provide a vertical ribbon, 
moving wall concept should produce distortion-free separations. 
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Publications 


Sna^Lc^Fi*"? Sn y der ’. R c S -’ "Sample Band Spreading Phenomena in Ground- and 
Space-Based Electrophoretic Separators," Electrophoresis 7, 113-120 (1986). 

"fontmlnf s ^ afer ’ S- 9 ’ Van A,stine ’ j. M., Harris, J. M., and Snyder, R. S 
46-55 (1987) e r °° Sm0S1S “ C ° ated QU3rtZ Capil,aries ’" J - Colloid & Interface Sci. 115, 
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Growth o t QUA C rystals in a Microgravill Environment. 


University of Pennsylvania 
Dr. Donald Voet 
NAG8-61 1 (NASA Contact: 


K.D. Sowell, MSFC) 


n f this nroiect we have successfully synthesized 
During the first nine months > developed methods for their high 

several asymmetric species of double stra crystallization resulting, recently, in the 

SSft r- 

crystallization techniques. 

varies with its base sequence^ operator These DNA’s all consist of two strands 

quantities, fragments of the E.coli lac P • f se if_ com plementary 

of different sequences reported. The core 

“s^heS 

nucleotides or lack of them were all designed m . Mtemp s <o disco e ^ ^ ^ 
S^SrSd^^r -ntion pa.d to minimising the impurities in 
these large-scale procedures. 

Experience has shown that macomoleenlar 

degradation products. Conseque y, relatively low loading capacities of 

DNA's of the required high punty. Moreover, I r ^ t fo n Men be repeated several 
most available HPLC columns d.c.ates ™ ( ^ n f"f S of DNA. Thus, DNA 

is Mtrx a nd - » f .he DN a 

crystallization project. 

quahti,^ zzzsex .0 

produce'^' I" “LTsiarg 

ended 20-mer crystallized more readily tha anytf tjttl9or 20 b ^ ^ 

overhanging nucleotides or th blu ^-e f these larger segments. Consequently, 

^^rge quantity ‘of" the^ 2-mer mgs) was synthesized and over 500 crystallization 
experiments were conducted. 
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Recently, we have obtained small (0.5 mm x 04 mm x 0 ns mmi r • 
crystals that diffract x-rays to a resolution limit of at leaTt 1 4 a p T- birefnn 8 ent 
photographs indicate that the unit cell has k *! 1 3A A ' Preliminary x-ray 

approximately 30 A x 80 A x 120 A These H'ff symmetr y and dimensions of 

bands along the 80 A axis a, 3.4 A resojton STinS?™ of B d!5a 

,he *-7. beam ^ ** ese 

SEES? 
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5. GLASSES AND CERAMICS 
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Multimode Acoustic Research 


Jet Propulsion Laboratory 
Dr. Martin Barmatz 

NAS7-918 U 1A I QRO 

October 1, 1981 - September 30, 1988 


• »h need for high temperature containerless processing facilities 

of aXrSvLSn and provide ezperimenta. vacation of these 
models using research levitation devices. 

The ultimate goal of this research is to^evellop rap id sample 

manipulation capabilities such as selec ^ lasses J lev itation in rectangular, 
cooling. This program will investigate n m tasks include the development of 

cylindrical and spherical geometries. environments for the acoustic forces and 

theories in uniform and temperature gradient using a variety of 

torques associated with sample used to 0) determine 

acoustic positioning modes (mu imo 1 ' lev j ta tion (2) determine operating conditions to 

those acoustic modes that produce st determine the shape and position of 

avoid translational and rotational | . ,() d rotat i 0 n capabilities to produce more 

levitated liquid drops, (4) isolate the o translate samples down long tube 

levitation, rotation and sample translation. 

"a, anaiyses ' ? 

ss =2 sssr 

^evita^o^Ms^a^ead™ b^n^emcmstrated in a ground-based laboratory up to 950 C. 


Publications 


C.llas, P. ana Barmatz, M ■ — Radium Fotxe on a Particie .. a Temperature 
" T Acoust. Soc . Apia 81, 1327 133 ( 

Barma.z, M„ -Acoustic Levitation with One Transducer,- NASA Tech. Br jeti, NPO- 
16846, 1988. 

Barmatz, M„ "Orienting Acousticaiiy-Levitated Aspherica, Objects," NASATe £tJl i £ £i, 
NPO- 16846, 1988. 
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Stu dji Ql Powder A^hmeratm UL a Micro ^ ravit^ Experiment 


Ohio State University 
Professor James D. Cawley 
NAG3-755 (NASA Contact: Dennis Fox 
November 1986 - November 1988 


, LeRC) 


in the behavior of the system 'diming^shaDe 1 fo P ° Wder sus P ensi °n plays an important role 
extend our unde«tandi^ -ork is designed to 

experimentation and numerical modelling In nartic.df 8 ^° meratl0n , process trough both 
microgravity environment to isolate - con^tton^rJw^ '**** l ° eXploit 3 
agglomerates within dilute suspensions. f diffusion m the growth of 

monitor the agglomeration of O^and^ T* thC USC ° f optical microscopy to 
of an aqueous suspension. Through the ansdysis ^v'd 31 ^* 68 constrained t0 the surface 
identify that the relative contribution of ^ tHpeS We have been able t0 

motion is dependent on local geometry and that at” v ^ rsus dlffuSl0n in th e particle 
dominates while at others a-L*' t that 1 vanous locations convection 
convective field, d i ff “ sive ' Brownian. b a 

Stoke s diameters. The trajectory of thp email i n ° arger ones due to differing 
preferentially deposit on the oerinSlrl £?• agg,0 1 merateS is SUch that they 
leads to qualitatively the same structures that ann^H^ t0 a ” unstable interface which 
transport when studied by the PUre diffusive 

m icrogravity ro n rrie m^a n^thT ae e In” ^ dimensions wil1 b e carried out in a 

scattering. A computer model based § L mnT* 10 ? Pr . 0CCSS Wl11 be monitored using light 
will allow both diffusion ~ d whfch 
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Glass Fon M lML in RelM±£m Glass Forme n. 


Marshall Space Flight Center 
Dr. Edwin C. Ethridge 
In-House 


The objective of this resea, rc ’ “^"rs This could ultimately aid the formation 
glass forming ability of reluctant 1 8^s Jo ■ J „ orm al glass form i„g regions 

g „f bulk samples of "T„%f ^ 

allowing the optimization of certain prop 

. • iri ,. nace i s the containerless undercooling o 

An important aspect of processing^n can be greatly enhanced by 

molten substances. Theoretical iLVoeeneous nucleation resulting from contact with 
solidifying in the absence of hete g fication of re luctant glass formers may 

rrmit'“ uihTwer lolling fates ,0 form glasses than is otherwise reared. 

This work has concentrated on ' . 

crystallization kinetics and cr,t,c ^ p le was used for sample support. Rece ^ * 6 

levitation melting techniques, a thermocoup heterogeneous nuc i ea tion on an eutectic 
effects of various processing conditio reported. The experiments utilized an 

composition within the galha-calcia system ^ contained on a tyP e 5 thermocouple 
ellipsoidal heater to melt the samp sa le thermal history was recorded direc y 

positioned at one foci of the ellipso ■ visually recorded and imaged and 

by a strip chart recorder and the experi mQst exper imental conditions the cooling 

recorded with a video camera/recorde ■ exneriments were performed. As a 

%£££?£ .trld'yrr melting temperature and the mechantsm o 
quenching the sample. 

The apparatus for nucleation experiments 'S f’fuTaftomation 

utilizing current SSdnny. Experiment automatton 

of the experiments will greatly . P are future directions for some of the 

combined with telepresence and Schmidt et (1987) presented arguments for th 

materials processing space expenmen . osoohv of future space experimentation, 

promotion* of telescience as about three (3) hours of 

Based upon prior based manned operations of each 

astronaut crew time available for Space S « . projected that there will be 

experiment rack per day. on the order of 20 minutes per 

much less time for crew tending of e P ^ astronaut availability may require that many 
experiment rack per day. This o that flight opportunities may exist 

experiments be highly automated. Also, it 1 * ly as the Industria i Space Facility 

for experiments on free flying ^n - tended sate^ ^ ground based laboratories in 
(ISF). Ideally each experiment couid be op conditions, initiate the 

which the principal investigator c° ul d ? e ^ pr ° C ® nd video) in a near real time mode, 
experiment, and view the suited to automation and the 

Nucleation concepts on earth. Aspects of 

tTe'Se' J being injporaled Into Ihe aulonualed appazalus. 
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Publications 


Ethridge, j 
and A1 2 C>3 

Ethridge, i 
Reluctant ( 


,n °*v«> 

31358 F o™ers," Rev. Sci. ( ^ e g ™ al Analysis Studies of 
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Study oj Foaming in Glass Melts Under Mjcrog ravitX. 


Case Western Reserve University 
Dr Pavel Hrma 
Dr. Ali Ilhan 

NAG3-740 (NASA Contract: M. Jaskowiak, LeRC) 
October 1, 1987 - October 1, 1988 


The research has three objectives; a fundamental understanding of the effect of 
gravity on foam, understanding the mechanism of foaming in glass melts, and coping 
with foam generation in glass under microgravity conditions. Fundamental 
understanding of the effect of gravity on generation and collapse of gravity sensitive 
foam is both interesting from the science point of view, and of practical importance. 

On the one hand, the effect of surface and gravity forces can be separated if gravity can 
be controlled, and thus the mechanism of their actions can be clarified. On the other 
hand formation or destruction of foam is a part of many industrial processes, including 
the manufacture of glass. 


Gravity and surface forces in foams are approximately the same order of 
magnitude, and neither of them can be effectively controlled on earth unless gravity is 
reduced Making a liquid less sensitive towards gravity by increasing viscosity, or by 
increasing the rate of bubble generation, cannot be used as an alternative to 
microgravity, because it would shift the balance of forces towards that between the 
viscosity forces and the gas pressure forces, thus making the liquid less sensitive to 
surface forces as well. 


This study is oriented towards foaming in glass melts because the experience with 
molten glass is important for future glass preparation under microgravity conditions and 
understanding of foaming in melts is visual for glass manufacturing and nuclear waste 
vitrification. Apart from molten glass, room temperature liquids are used as model 
systems. Since our proposed experimental tool in this stage is the drop tube, the 
selection of liquids and melts is limited to those which generate transient foams 
undergoing an appreciable change during the experimental time available. 

Both theoretical considerations and preliminary experiments show that gravity 
affects evolution of certain foams. It can be expected that under microgravity the 
absence of bubble motion due to external forces will prevent formation of surface foam, 
and so only bulk foam can be generated. Also, the absence of gravity drainage will 
affect the foam collapse rate and mode, even if a surface foam has been generated 
before it is exposed to microgravity. 


The preliminary experiments show that it is possible to generate transient room 
temperature and high temperature foams suitable for microgravity experiments and to 
record their behavior by a video or still camera in a simple experimental set up. It was 
established that sodium sulfate generates in soda lime glass a transient cellular foam at 
1425-1500 C, the behavior of which is easy to control and record. 

At the present stage, drop tube experiments are prepared, to measure foam 
generations and foam collapse rate in a room temperature liquid and in molten glass, and 
to record foam collapse mode of a pendant foam drop. 
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Study, of Phase Separ ation in Glass under Mjcrogravit v 

NASA Lewis Research Center 
Mark J. Hyatt 

January 1, 1987 - January 1, 1988 


The objective of this research is to define an experiment which will use a low 
gravity environment to aide in the study of phase separation in glass systems In a 
reduced gravity environment, surface forces will dominate the separation of phases in a 

oroc'esT Th^n ^ ^ ° f ^ fundamental aspects of the phase separation 
process. The low gravity environment will eliminate the effects of thermal and gravity 

fta^nf 0 ih VeCt h 0n ^ tHe 8l3SS ' Convection in the 8 |ass would interfere with the lady * 
stages of the phase separation and would affect the final structure of the glass. 

The approach to this research is outlined in the following steps: 

1) Measure important physical property data of a model immiscible glass system 
Property data includes phase equilibria, density, and interfacial properties A 
relatively unknown system is preferred which will yield important new physical 
data and also has potential for unique applications. 

2) Develop model of phase separation using immiscible organic systems. Dynamic 
light scattering is being evaluated a an experimental technique in this model 
development. Immiscible organic systems are favored because they can be 
studied at low temperatures. Also, gravity level can be varied artificially by 
deuteration of one component in the system. Suitable systems with known 

p ysical properties will be employed to minimize the experimental effort 
required in development of the model. 


3) of Ae , n ] odel t0 ? redict P ha se separation behavior in the glass system. 
Physical data obtained in (1) will be used in the model to predict phase 
separation [predictions based on current theory as well. 


4) 


Define microgravity experiment 
separation. Experimental results 


on model glass system to verify model of phase 
will be used to correct the model if necessary. 
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Glass Research 


Jet Propulsion Laboratory 
Dr. George F. Neilson 
In-Center 


Research efforts span three general areas of glass science: nucleation and 
crystallization of glasses, amorphous phase separation in glasses, and gel-derived glasses. 

The ability to prepare many inorganic oxide glasses is limited by the tendency of 
their melts to heterogeneously nucleate and crystallize from the container walls. A so, 
the abThty to study internal homogeneous crystal nucleation and free surface nucleation 
may be impaired by crystallization events initiating at the melt-container interface^ 
space, such events may be avoided through the use of containerless processing^ We have 
sought simple oxide systems which exhibit internal crystal nucleation by w 1C 
also 8 crystallize at the melt-container interface and are studying their ground-base 
crystallization behavior. Through theoretical modelling procedures, these results wi 
compared with the crystallization behavior anticipated for the different crystallization 
conditions appropriate for a containerless environment. 

Spontaneous amorphous phase separation can occur during the supercooling of 
many glass melts that might be prepared in microgravity, thereby preventing the 
formation of homogeneous glasses even though crystallization effects are avoi . 
However, the kinetics and morphology of phase separation undei -microgravit} ^condit'ons 
may be quite different from that observed on earth due to the absence of gra Y 
sedimentation and convection effects. To obtain a baseline for interpretation of phase 
separation effects in microgravity, we are conducting phase separation studies in simp 
binary oxide glasses prepared by both conventional and sol-gel procedures. 

Gel precursors can be used to prepare unique metastable glasses and glass 
ceramics. They offer several advantages for glass preparation in a container ess 
environment in that they can be prepared initially in homogeneous and _ highly Purified 
states that can be converted to homogeneous glasses at temperatures below the liqu.dus. 
These characteristics make gels attractive precursors for containerless glass forming 
experiments. However, unsintered gels are very porous and often their chem'ca 
components are not uniformly distributed on a molecular level. This could lead to ' the 
formation of non-uniform glasses if the gels were employed in microgravity. These 
questions concerning gel structure are being addressed in the ground-based portion of 

this program. 


Publications 


Weinberg, M. C., "Physical Data Measurements and Mathematical Modelling of Simple 
Gas Bubble Experiments," . 1 . Noncrvs t. Solids 84 , 159 ( 1986 ). 

Weinberg, M. C., "Fining of Glasses: Present Problems and Speculation of Things to 
Come," .1 Non-crvst. Solids 87 , 376 ( 1986 ). 

Weinberg, M. C., "Are Gel-Derived Glasses Different From Ordinary Glasses?," Mat 
Res Soc. Svmp. Proc. 43 , 431 ( 1986 ). 
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Gtoe" 8 i M Am C r»r b w grETSST, and He,ero S e "'™ Crystal Nucleation in 


Smith, G. L., Neilson, G. F., and Weinberg, M. C., " 
Borate Glass," Physics Chem. Glasses 28, 257 (1987). 


'Crystal Nucleation in Lithium 


Weinberg, M. C., and Neilson, G. F., "A Comparison of the 
Behavior of Gel-Derived and Ordinary Soda-Silica Glasses " 
Klein, ed.), 1988 (in press). 


Phase Transformation 
in Sol-Gel Technology (L. 


Weinberg, M. C., 
779 (1987). 


A Test of the Johnson-Mehl-Avrami Equation," J. Crvst. Growth 82, 


E D -> an d Weinberg, M.C., "Saturation Effects in Homogeneous and 
heterogeneous Nucleation," J. Non-Cr yst. Solids . 1988 (submitted). 
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Spherical Shell Technology 


Jet Propulsion Laboratory 
Dr. Taylor G. Wang 
J. M. Kendall 
M. Chang 
C. P. Lee 
M. C. Pee 
M. Zak 
In House 

January 1987 - January 1988 


The primary objective of this task is to investigate the science and technology of 
spherical shells and to study the effects of gravitation on the formation of spherical 
shells both in the laboratory and in a weightless environment. The technology base 
being developed includes, but is not limited to, the fluid dynamics of viscous media, 
metallic, and amorphous materials. This technology is being applied to the process of 
shell fabrication; for rendering the shell spherically symmetric; to the technology of 
applying multi-layer coatings to the interior and exterior surfaces; to the sintering of the 
shell into a composite matrix material; to the development of the production of a novel 
high-strength, low-weight material for bonding of the spheres; and to the development 
of techniques needed for the encapsulation of various materials within the spherical shell 
such as phase-change materials for heat regeneration. 

The science and technology of a new method for the production of spherical 
shells are developed under a coordinated experimental and theoretical program. The 
underlying production process is fluid-dynamic in nature and requires low or zero 
gravity. Foreseeable applications pertain to lightweight structural materials, to 
biotechnology, and to a variety of technical or industrial products. 

The gravitational effects and the hydrodynamic instability with inclusion of the 
effects of viscosity, rotation, etc., are being studied. One emphasis of the work is 
encapsulation of biological materials for human implantation. Here cells or other 
biological materials are encapsulated within 200-400 u m shells of specified permeability. 
Nutrients are free to pass into the shells, reactive products are fee to diffuse outward, 
but the cell within each is protected against the large molecular-weight compounds of 
the immune system borne by the host. Accomplishments include the production of shells 
of uniform size of various polymers, a demonstration permeability to small and medium- 
sized molecules, and a demonstration of impermeability to large molecules. Also, 
encapsulation of cell-sized inert particles has been accomplished. 

Theoretical model for the annular jet instability has been developed in which the 
liquid layer enclosing the gaseous stream in the jet is modeled as a membrane with no 
thickness but finite mass/area which moves under the influences of its own surface 
tension, inertia, and the gaseous pressure. If should be noted that the hollow jet 
instability is phenomenon completely different from the more familiar Rayleigh 
instability of a simple jet. The methodology of converting a free surface flow problem 
into a one-dimensional one using a thin sheet model that can be handled more easily is 
an innovative contribution to the field of theoretical nonlinear physics. 
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We have derived a microscopic model of first-order phase changes in a one- 
component system with spherically symmetric, two-body potentials. Included is a 
microscopic model for the driving forces inducing the phase change, cooperative model 
for homogeneous nucleation, and a possible solution to the "fcc-hcp" problem in rare 
gases. 


The basis of the production method involves the extrusion of liquid through 
suitable nozzles, following which discrete, precision, droplets are formed. These solidify 
in spherical and concentric form by means of freezing or by chemical reaction without 
gravitational distortion. The research concerns the hydrodynamic instability of liquid or 
compound jets, with inclusion of the effects of viscosity, rotation, etc. Both numerical 
and analytical results are utilized to interpret the experimental findings. Current 
emphasis of the work is upon encapsulation for biotechnology applicants. Here, cell or 
other biological materials are encapsulated within 200-400 y m shells of specified 
permeability. Nutrients are free to pass into the shells, reactive products are free to 
diffuse outward, but the cell within each is protected against the large molecular weight 
compounds of the immune system borne by the host. Accomplishments include the 
production of shells of uniform size of various polymers, a demonstration of 
permeability to small- and medium-size molecules, and a demonstration of 
impermeability to large molecules. Also, encapsulation of cell-sized inert particles has 
been accomplished. 


Publications 


Bahrami, P. A., and Wang, T. G., "Analysis of Gravity and Conduction Driven Melting 
in A Sphere" J. Heat Transf. . 1988 (submitted). 

Lee, C. P., and Wang. T. G., "The Centering Dynamics of a Thin Liquid Shell in 
Capillary Oscillations," J. Fluid Mech. . 1988 (in press). 

Schilling, C. H., and Lee, M. C., "PbO Reduction and Crucible Reactions of 70 wt.% 
PbO, 30 wt.% B 2 0 3 Glass," Mat. Res. Soc. Proc. 82, 256 (1987). 
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Cn^lalJizaLiM Qi Glass 


University of Arizona 
Dr. M. C. Weinberg 
JPL (NASA Contact: G. Neilson) 
September 1987 - September 1991 


The objectives of this research » r * ^ (? nd 

nucleation in lithium diborate and 0 > he simP'e ; ^^^1 a container ,ess facility ,n 
deSira b“d y (3) f .o P ^rdfaiut.” methods of computing the volume fraction crystal!, zed 
i^compdex systems ‘and/or system, of small particles. 

Crystal nucleation may * •f“^tL£ST 
contact with the melt, leading to e er [he cruc jble can serve as heterogeneous 

rr," 

— fo‘1 or b “ote, glass composilions. 

However, in order to 

influence crystallization processes a rk which wil | allow for the interpretation, 

and P guide^in^th P judicious selection, of glass flight experiments pertaining to glass 

crystallization. 


Publications 


, „ m c -Physical Data Measurements and Mathematical Modelling of Simple 

M, .39 (1986). 

Weinberg, M. C„ ™ng of « «■“ ~ ^ S— * “ 

Come," T Non-crvs t. Solids 87, 376 (198 ). 

Weinberg, M. C„ ■*-.=«-« Diff ' re "‘ 

Rps Soc. S ymn. Proc, 43, 431 (198 ). 

Weinberg, M. C„ "Combined Homogenous , and Heterogeneous Crystal Nucleation ,n 

Glasses," T Am Ceram. Soc. 70, 475 (1986). 

. M r ,. 0n the Possibility of Diffusionally Drive Oscillations in Two 

Weinberg, M. C., ° n th * ,™ SS1D ‘ ' or c H 41 2333 (1986). 

Component Gas Bubbles, Oiem J _Engr i _Sci ! . 41_, im v 

T *i n v ’’Glass Formation and Crystallization 
"Lead ?on^fpbO-B 2 b a ;Com;S P i'ons,- ML^Cst^ S. >«* <'*«■ 
. G , Neilson> o. F„ and Weinberg, M. C„ "Crystal Nucleation in Lithium 
Borate Glass!" r*'r" rh,m °lasses 2S, 257 (1987). 
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779 (1987) M ‘ C ” A ° f tHe Johnson - Meh l-Avrami Equation," J. Crvst. Growth 82, 

-d Heterogeneous Crystal Nucleation in 

Behavior 8 of Gel-Derlv^ the Phase Transformation 

Klein, ed.), 1988 (in press). 2 ° 2 Glasses, in Sol-Gel Technology (L. 

Gla •n' p ( ; e , ss and Te0Wee ’ G > "Crystallization of Gel-Derived 
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Gto FMsrnz m i Cummirnm <d EiQJ. 2 ^3 CmmUhm. in Sm z 


University of Arizona 

Dr. M. C. Weinberg 

JPL (NASA Contact: G. Neilson, JPL) 

September 1987 - September 1991 


t-a— ii|==si F 

the melt-container interface. 

devitrification will be assessed. These experiments are key for understanding tne 
intrinsic glass-forming limits of these compositions. 
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6. COMBUSTION SCIENCES 
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Design and Emluation of an A^aral m for Eimuments on the Va^onimm OL EmL 
Droplets in a Environment Ql Mic rograMl CmdUmi 

University of Wisconsin-Madison 
Professor Gary Borman 
Professor P. V. Farrell 

NAG3-718 (NASA Contact: Kurt Sacksteder, LeRC) 

April 15, 1986 - April 14, 1988 


This program represents a joint venture between the University of Wisconsin- 
Madison and General Motors Research Laboratories. The study concentrates on the 
details of fuel spray breakup and vaporization in conditions similar to those of a d 
injection diesel engine. The environment into which fuel is typically injected is well 
above the fuel critical pressure and may be above fuel critical temperature. Near- 
critical property and surface tension effects are known to vary rapidly as the critical 
point is approached, possibly leading to unexpected droplet breakup and vaporization 
effects In order to study these effects in detail, it is desired to eliminate all convective 
effects' (convective heat and mass transfer). One way to eliminate natura convection in 
a non-isothermal, multi-component field with diffusion is to reduce acceleration by 
operating at very small (microgravity) levels. 

The program has focussed on two major areas: modelling nd experiments^ The 
objective of the modeling effort was to develop a computer code capable of modeling 
supercritical liquid vaporization in microgravity conditions. The most significant 
problems in the modeling effort arise in developing equation of state models valid near 
and above the liquid critical point, as well as a lower temperatures. The model wor 
resulted in a paper which was presented at the 38th IAF Congress in Brighton, England 
in October 1987, and its being considered for publication in Acta Astronautica. 

The experimental work has focussed on development of a compression device 
which can deploy a single, motionless droplet in microgravity, and rapidly increase the 
surrounding gas temperature and pressure to the desired levels. Diagnostics, including 
high speed movies, pressure transducer measurements, and Rayleigh scattering for gas 
density measurements are employed during the subsequent vaporization event. 

The compressions device has been constructed. Two series of tests have ben 
performed using the device at the NASA Lewis 2.2 second drop tower. Preliminary 
results indicate that the mechanical performance and durability of the system appear 
satisfactory The droplet deployment device, however, still requires some developmen . 
The currently instated diagnostics include high speed movies only, but the Rayleigh 
scattering device is under development. 


Publications 


Curtis, E. W. and Farrell, P. V., "Droplet Vaporization in Supercritical Microgravity 
Environment," Acta Astron. , 1987 (submitted). 
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Buoyancy Ef fects Upon V a por Flame, and Explosion. Processes, 

Science Applications International Corporation 
Dr. Raymond B. Edelman 
Dr. M. Yousef Bahadori 

NAS3-22882 (NASA Contact: Dennis Stocker, LeRC) 
November 1984 - January 1988 


The objective of this microgravity project is to gain a better fundamental 
understandmg of the effects of buoyancy on laminar gas jet diffusion flames and to 
establish the relationship between buoyancy and (1) unsteady phenomena associated with 
ignition and flame development, (2) steady-state flame structure, (3) soot formation and 
disposition (4) radiation, (5) extinction phenomena, and (6) chemical kinetics. The 
findings will aid in defining the hazards and control strategies of fires in spacecraft 
environment as well as to improve the understanding of earthbound fires. The specific 
objectives of the program are to: (a) obtain measurements that include flame-shape 
development, flame extinction, flame color and luminosity, temperature distributions 
species concentration, radiation, pressure, and acceleration, and (b) extend the numerical 
models developed to date to include transient effects, chemical kinetics, soot formation 
and more detailed radiation effects. 

The program is structured in terms of closely interrelated ground-based 
experiments and theoretical modeling. This program has evolved as a result of 
theoretical analyses and limited experimental observations which have delineated the 
requirements to gain a more fundamental understanding of the effects of buoyancy on 
gas jet diffusion flames. The experimental portion of the ground-based program is 
designed to provide both additional time and quantitative measurements based on the 
findings of the past 2.2 second drop-tower experiments. This data will be obtained by 
the combined use of the Lewis 5.18-sec. zero-gravity facility and the KC-135 aircraft 
The results will be used as a database for the model development and will clarify the 
requirements on time for approach toward steady state. This will establish the need for 
space experiments. Also, inverted-flame studies are underway at SAIC which will 
provide measurements of temperature, species concentration and velocity fields in 
addition to radiation and quantitative information on flame dimensions. These ’studies 
^"^° t V ' de 3 baseline data set for both normal-gravity and negative-g situations, and 
effec < I development and validation. The device provides information on the 
effects of buoyancy outside the range of 1-g and 0-g conditions, and allows variation of 
all of the parameters while obtaining buoyancy effects based on the unlimited time 


Since the time of the submission and approval of the Science Requirements 
Document and review of the Conceptual Design, the Initial Hardware Design Review 
Preliminary Design Review, and Final Design Review have been held at NASA Lewis 

^rh!^ Cen r ? Unng 1987 ‘ r Progress t0 date deludes various analyses and modeling 
f° r * he su PP° rt of experiment fabrication. Work in progress includes the development of 
steady-state and transient models, in addition to the selection and development of 

fo??n°H e S f0r // US10n ; f as_phase kinetics, radiation, and soot generation and burn-off 

results^ of A SPark lg . mt ° r haS been develo P ed - and preliminary 

results of the 2.2-sec. drop tower experiments have shown that hydrocarbon flames can 

be successfully ignited in microgravity. In addition, fabrication of the experiment 

effonfh^vP h 6611 ‘ nit,ated . The v anous findings of the experimental and theoretical 
°. ts have been Presented at the PACE Symposium (Washington, DC, March 1986) 
Discipline Working Group Meeting (NASA-LeRC, October 1986), Modeling Workshop 
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(NASA-LERC November 1986), Seminar (UCSD, November 1987), and A1AA 26rh 
Aerospace Sciences Meeting, Reno, Nevada, January 1988). 


Publications 


. - w y "Effects of Buoyancy on Gas Jet Diffusion Flames 

^rlen'anrTh^-'rim^ 11 68,-688 (1986). 


Presentations 


„ t „„,4 ctnrkpr D P. "Laminar Diffusion 
Edelman, R. B„ Bahadori, M. Y ^esente/at AIAA 26th Aerospace Sciences 

Flames under Micrograv.ty Conditions, 

Meeting, Reno, Nevada, January 1988, AIAA Pape 

„ , . „ p R "Gas Jet Diffusion Flames under Reduced-G 

Conditions^" presented at Second Symposium on Lunar Bases and Space Activities o 
21st Century, Houston, Texas, April 1988. 
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— ■ Fundamental Study of thp 

EJowT 1L - LMU L t((eCt ° f Buoyancy on the St ability n f Przm i xgd Laminar 

University of California, Berkeley 
Professor A. Carlos Fernandez-Pello 

Ja^uary^f988^ ^ApriM988* St ° Ckef ’ LeRC) 

stability^' premixed llfn a r taef The° j™*? 'V?"" ° f buoyanc y the 
understanding of the wH1 help in the 

are often regarded as precursors of turbulem combrnf!' laminar flam es which 
objective is to perform a set of low-grav tv dr nn i Processes. The immediate 

on thTon/e’t 

onset of cellular structures on a^ume^TtabnizeT 31 8r3Vlty and at mi crogravity 0 f the 
experiments have been already made to identifv' Premixed 5 lame ‘ Normal gravity 
cellular flames occur. A few preliminarv mV ^ eran 8 e of parameters at which 
at the 2.2 sec NASA LeRC drop tower experiments have been performed 

the effect of the absence of gravity on the orcm^Tfi" 18 P rovide d information about 
fluctuations, and soot generation. The fesuItT^to^ Combustin 8 Plume 

cells is reduced under microgravity conditions whl . ind,cate L tha t the formation of 
has a stabilizing effect on the flame. The fluctuating !* PlieS that r the absence of gravity 
microgravity, which results in a cylindrical nlnmA 8 aracter of th e plume vanishes at 
flame. Except for the soot d»iS.ti^^t£T SUrr ° Unded b * a diffusion 

m soot formation at normal and microgravitv cooTe’ “° T r dlfferences are observed 
continued. microgravity conditions. This work is currently being 


Presentations 


Dansky, C. and Fernandez-Pello A C 'Namo rr 

Stability of Premixed Cellular Flames under vr xpenn ? entaI Observations of the 

mt s ■ wes,ern s,a,es 
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Ijgnition and Subseguenj FJame Spread, in CeUulosic, Materials jor_ M icrosravitx 

A^Uxations 


National Bureau of Standards, Center for Fire Research 
Dr. Takashi Kashiwagi 

C-32000-K (NASA Contact: R. Friedman, LeRC) 
January 1988 - December 1990 


The objective of this work is to determine the ignition and subsequent transition 
to flame spreading of cellulosic materials (filter-paper specimens) through radiant 
heating. This study is to lead to applications such as material flammability acceptance 
standards for spacecraft. 

The research involves parallel efforts in theoretical modeling and experimental 
observations, both performed by the National Bureau of Standards investigator. The 
theoretical studies cover the prediction of the solid and gaseous-phase thermal behavior 
and the oxidative reactions, to establish the temperature and mass-flux fields in the 
reaction zone. The experimental studies cover measurements of mass loss, energy 
release, flame spread, and combustion-product species as functions of radiant ignition 
energy, oxidant flow, and other parameters. Experimental information on ignition-delay 
times, flame shape, and radiative properties of the fuel will contribute to the verification 
of the theoretical model. 

The gas-phase analysis will incorporate governing equations that neglect gravity. 
Hence, the model will serve as a guide to define a specific experimental system and test 
procedure for microgravity to demonstrate material flammability and acceptance criteria, 
in follow-on work. 
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The E£[ect o[ Gravity on Prembced_ Turbulenj Flames 


University of California, San Diego 
Professor Paul A. Libby 

NAG3-654 (NASA Contact: Howard Ross, LeRC) 
September 1, 1985 - October 31, 1987 


Recent experimental and theoretical research has shown that the interaction of 
force fields arising from gradients of either mean pressure or Reynolds shear stresses 
with density fluctuations due to heat release as in reacting flows, leads to new 
mechanisms of turbulent transport and turbulence production. Gravity would appear to 
provide an additional force field which may result in significantly different behavior for 
premixed turbulent flames propagating upward for downward. 

The experimental portion of a combined experimental and theoretical effort to 
study the effect of acceleration on premixed flames was completed in 1986 and 
submitted for publication as indicated in 8. An extension of the Bray-Moss-Libby 
theory of premixed turbulent flames to describe the effects of gravity on such flames 
has been completed and the result manuscript submitted for publication. 


Publications 


Hamins, A., Heitor, M., and Libby, P. A., "Gravitational Effects on the Structure and 
Propagation of Premixed Flames," Acta Astron. . 1987 (accepted). 

P. A. Libby, "Theoretical Analysis of the Effect of Gravity on Premixed Turbulent 
Flames." Comb. Sci. Techn. . 1987 (submitted). 
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vehci - r *--■< ™ svrm um,- " TimmU^Ibin S qIO LEmL 

in the Absence o[ Brnmin^Illduced Flows 


NASA Lewis Research Center 

Sandra L. Olson 

January 1987 -January 1989 


The objective of this stud, is to c determine ,h, 
forced flow on flames spreading over therrna y varying oxidizer concentration 

Stud, is to perform , . series of expend tend Mn ^ ^ bur „ ing 

and opposed forced flow velocity to c these cond i t ions. Tests will be 

tunnel developed for use in all three NASA-Lew,s 
Research Center’s low gravity facilities. 

• an fnr thp<;p exoeriments because in normal gravity 
Low gravity is required for these exp on the order 0 f 0 r greater 

buoyancy- induced gas flows around t e spr cm sec) These natural 

than the range of forced flow veloctt.es to be stud « '"»« so that the 

:r,tr t h" fmc°edTo h w el o ra n r cann d o, C be iso.ated. 


The study will be performed in four phases: 


1) Preliminary normal gravity and low gra J‘ t J ^ f ^ pe * f ornedto define fuel burning 

of oxygen 

concentration and flow velocity. 

2 „l S “rwmtVe“ 

gravity tests. 

3) Normal gravity tests and low gravity tests a%®ncUon of' oxygen 

facilities will be conducted to de.ermi , the eatmenon lu»m buini „ g 

fuels w P i„ be studied and compared with 

current modelling work underway at Lewis. 

4) When the ground-based . research is appSam InV^”' 

-Si * drafted. If necessary, further 

ground-based research will be proposed. 

The normal and low gravity quiescent envir0 “ 

both the 2.2 and 5 second drop towers complet was approved for 

experiments are documented m NASA ^ 00 95. ^ ^ dedicated to building up the 

funding in September 198 . nackaee for the flow experiments. 

2.2 second combustion tunnel experiment package tor tne no 
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Publications 


Olson, S. L., "The Effect of Microgravitv 
TM 100195, 1987. 8 y 


on Flame Spread over 


a Thin Fuel," NASA 
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Time^DeMndent Computational Studies of Flames in Microeravitv 

Naval Research Laboratory 
Dr. Elaine S. Oran 
Dr. K. Kailasanath 
(NASA Contact: H. Ross, LeRC) 

January 1987 - December 1987 


The focal issues to be addressed are: (1) Will a gas mixture which is not 
flammable on earth burn in a reduced gravity environment?; (2) Are the minimum 
ignition energies different for mixtures which are flammable both at normal and reduced 
gravity?; and (3) Are there differences in the propagation of flames in normal and 
reduced gravity? 

The approach is to use detailed time-dependent, one- and two-dimensional 
numerical models to calculate flame properties and then to look for a quantitative 
comparison between the predictions and experiments on earth and in space. These 
models solve the multispecies coupled partial differential reactive flow equations. These 
models contain detailed chemical kinetics mechanisms, algorithms for thermal 
conduction, molecular and thermal diffusion, and convective transport and include the 
effects of gravity. 

In 1987, we completed the development of a detailed two-dimensional flame 
model baed on the implicit BIC-FCT algorithm. The model includes algorithms for 
describing convection, chemical kinetics, thermal conduction, molecular diffusion, and 
buoyancy. The algorithm used for each physical process was tested separately, and the 
combined results were benchmarked against predictions from a different one- 
dimensional Langrangian program. Finally, the two-dimensional model was used to 
study the evolution of perturbed hydrogen flames in both the lean and rich regimes, and 
the results were presented in terms of current theories of flame stability and the 
formation of cellular structures. 


Publications 


Kailasanath, K. and Oran, E. S., "Effects of Curvature and Dilution on Unsteady Flame 
Propagation, I. Flames and Configurations," Prog. Aero, and Astron 1 05 (1986). 

Patnaik, G., Boris, J. P., Guirguis, R. H., and Oran, E. S., "A Barely Implicit Correction 
lor Flux-Corrected Transport," J. Comput. Phvs. . 1987 (in press). 


Presentations 


Patnaik, G., Boris, J. P., Guirguis, R. H., and Oran, E. S., "An Implicit Flux-Corrected 
Transport Scheme for Low Speed Flow," presented at AIAA 25th Aerospace Sciences 
Meeting, 1987, AIAA Paper 87-0482. 
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A Fundamental SlMl oL Smoldering with Ernphas h Q H Experimental Design (or ZerozG 


University of California, Berkeley 
Professor Patrick J. Pagni 
Professor A. Carlos Fernandez-Pello 
NAG3-443 (NASA Contact: S. Olson, LeRC) 
January 1987 - April 1988 


The objective of the overall research program is the design and performance of 
smolder combustion experiment under microgravity conditions. The experiments will 
help to understand th mechanisms controlling smoldering, and in turn the prevention and 
control of smolder originated fires in normal gravity and in space-based experiments. 

The specific objectives are: to develop theoretical models to predict the controlling 
mechanisms and leading non-dimensional parameters of smolder combustion, to develop 
ground-based experiments to determine the effect of gravity on the different modes ot 
smoldering;to provide a data base for verification of the theoretical models. To perform 
drop-tower tests to obtain data on the smolder transition processes of ignition, flaming 
and extinction; and to use the experimental and theoretical data to design a space-based 
smoldering combustion experiment. 

The research program includes complementary theoretical and experimental tasks. 
To date theoretical models have been developed of the forced flow co-current and 
counter-current smoldering combustion. The models identify the non-dimensional 
controlling parameters and provide the smolder velocity and temperature distribution as 
a function of the material and oxidizer gas properties. Experimental tasks based on 
normal gravity and drop-tower experiments are currently underway. The experiments 
carried out to date have concentrated on determining the effect of buoyancy on the 
downward, co-current and counter-current smolder configuration. Since buoyancy is 
proportional to g (p: -p) it can be controlled by varying either g or the density 
difference. Most of the work performed to date has been following the latter approach. 
The density difference is varied by means of the gas pressure. Measurements of the co- 
current smolder velocity as a function of the oxidizer mass flow rate and pressure show 
that buoyancy only affects the process at low air mass fluxes. At large air mass fluxes 
the smolder velocity is linearly proportional to the air mass flux and weakly dependent 
on pressure. For downward counter-current smolder in free convection the smolder 
velocity is more sensitive to ambient pressure because of the natural convection gas 
currents induced at the top of the smolder reaction. A few preliminary tests performed 
in the NASA LeRC, 2.2 second drop tower indicate that the absence of gravity reduces 
the intensity of the smolder reaction, while the sudden increase in g induces the 
transition to flaming. Research in the above task is currently being continued. 


Publications 


Dosanjh, S. S., Peterson, J., Fernandez-Pello, A. C., and Pagni, P. J., "Buoyancy Effects 
on Smoldering Combustion," Acta Astron. 12, 689-696 (1986). 

Dosanjh, S. S., Pagni, P. J„ and Fernandez-Pello, A. C„ "Co-current Smoldering 
Combustion," Comb. & Flame 68, 121-147 (1987). 
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NASA Lewis Research Center 
Dr. Howard Ross 
In-House 

October 1987 - September 1990 


The objected of the proposed study 

of flame spread involving liquid fuel pools t 8 P j and as such 

environment. Gravity affects the the flame. Its role is 

influences the supply of oxidizer and . . whether t he flame spread rate will be 

sufficiently complex so that it is i clear a ^prion whethe ^ improve the 

untemLdinTof ' Aelofc ofgTavity, a range of liquid Grashof numbers on the order o 
0.01 to 1,000,000 will be studied. 

Reduced gravity tests will be P erfor ™^ 

LeRC. It is planned to study the fla ™ e ^ . concen tration for fuels above and below 

container material and dl “ e “ l ° n * “ rature (ethanol, methanol, propanol, and butanol), 
their flash points a normal room temperatuj tetna^^^ ^ additional 

S,M 8 TcoSari^n of experimental results existing numerical models w.H 
Sen be made. These models may be mod.f.ed as needed. 

Depending on the resultsof STuTtSn'gSSnStaidm'OTgravity research 

. — — 

document will be drafted. 

In 1987, 2.2 and 5 second drop .owe, ^tnatliduid- 

support initial tests to determine the f e. as ‘^ i y facilitate s a direct comparison of normal 


l& mlion and Flame Spr ead Above Umjd Fuel Pools 


University of California, Irvine 

Professor William A. Sirignano 

NAG3-627 (NASA Contact: Boyd Bane, LeRC) 

January 1, 1987 - March 3], 1988 


fh . f ... he objectives of this program are to obtain 
that w 11 guide the development of an experiment or 
above liquid fuel pools 


theoretical and computational results 
the subject of flame propagation 


a cylindrical enclosure containing a two-layer-gas ™ f ^d fer and fluid flow in 
configuration and the boundary conditions on the nm t Q d System ' The geometric 
the prevaporation and preignition processes durin/th b !f. m are relevant to the analysis of 
pool of liquid fuel in the vicinity of an ;„nV 8 6 ^ ,rC accic ^ ent situation involving a 

effects of the natural and tSciiiS™ that the 

inertia and conduction of the walls bounding th^ i rad,atlve transfer > and thermal 
gravity field play important and the ma S ni ^e of the 

fields in the container. elopment of the temperature and velocity 


Publications 


Aoramzon, B., Edwards D \c c* • 

Gas and Liquid Behavio’r with Con Jen^^Se^lna'f ^ a i®" 1, Stratified ’ Enclosed 
Heat Transf 355-364 (1987). 3t 8 fr0m Above ’" L Thermonhyc 
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7. EXPERIMENTAL TECHNOLOGY AND GENERAL STUDIES 
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Electromic cmmmd ess 

Jet Propulsion Laboratory 
Dr. Daniel D. Elleman 
Dr. W. K. Rhim 
In-Center 


The long range objective of th ^ ask ^ and manipulation of 

“ £ . 

The primary objectives to be addressed are .^nos^oning^odule in both the l-g 
investigations of: (D the environment of KC-135 aircraft; (2) 

laboratory environment quadruple levitator; (3) the melting and 

the high temperature focuse focused radiator furnace; and 

solidification of metallic samples n the focused 1 raa ment 

(4) the hot furnace using low density samples in one g 


Publications 


Cha^e^Drop^^dalio'i^g^asTGravity^^n 

Society , 1986, p. 1338. 

. 

87, 329 (1987). 

Rhim, W. K„ Chung, S. K ^ 

Charged Drop Levitation Against Gravity, lbtt_Lia 
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T elepresence for Materials Science Exp eriments 

NASA Lewis Research Center 
Dr. James C. Johnston 
M. J. Bonner 
R. Hahn, RPI 
B. Merbach, RPI 


fro m l t6rialS Science ^Perimenfs thatTreTnUdpa^d fftth^ s ° f 3 Pr0C6SS ' A nUmber of 

I n ves t igato r^o bse r ve^aii ^ex peri men t deScT Cases the ability^f' 'thTpHnci^r 
make the difference between success and failure i Th" 8 prob,em and correct it can 
telepresence can free the station crew from I t ^ ° therS ’ the a PP lic ation of 
experiment and allow them to do othet tasks e_,ntensive ^enaction with an 

curre„ tl y^ con.ro, of three experiments 

NASA Lewis Research Center. The objective if Si!"? i Lab ° rat ° ry (MMSL) at the 
determine the minimum digital communications rat t e| epresence experiments is to 
and resolution necessary for successful performance ofth^ m f imn } um video fr ame rate 
The experimental apparatus that are being useT^n rh/tlr^ 6 " SCience ex Periment. 
Dendrite Growth Apparatus, the Crystal Growth p * MSL are the Isother ™al 
Acoustic Levitator. Each of these exoprim^ntc periment, and the Single Axis 
unique demands on the telepresence system ThTf^T d,fferent Problems and places 
knowledge of the minimum communications band vn , outcome of the Project will be a 
materials science experiments in space This knotriX T " ^ ' he performan « of 

planning and allocation of communications resource-? fo h ° U d prpve ,nv aluable in the 
provide some hard numbers to use as a refers™ i 0r J pace statl0n and finally 

results of this work will be in the form of crWcal^eWe " °“ mald " 8 pr0cess The 
questions. critical reviews answering the above 


Polytechnic Instftift™ (RPI), S and ftZZtlftV ^ MMSL and R ensse,aer 

by the Universities Space Research Association fCSRltT"? f r ° jeCt being undert aken 
Headquarters. association (USRA) which is funded through NASA 


Presentations 


nann, k. 


Washington, DC, Novei^I Discip,ine Workin g Group (DWG) meeting, 
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Advanced Cmtainerless Processing. TechnolonL 


Jet Propulsion Laboratory 
Dr. Taylor G. Wang 
In-Center 
Continuing Task 


The objectives of this task are to: (1) develope next generation systems for Space 

BSSsrsc sws ssrrts s=t" 

Space Station. 

The detailed studies of the characteristics of high frequenc) - PO to 10 
environment. 

Two 50-watt C0 9 lasers are installed for heating test samples. The use of 
the laser for heating of a levitated sample has been demonstrated 1 successfu y. 
holographic 1 interferometer is being integrated i into 
rate of heated samples at temperatures up to 1500 C will be measu . 

An automatic scanning laser acoustic pressure probe is un t der /^^ 0 P^ ory T or 
system will perform a non-invasive pressure profile measurement. A general theory of 
osciUational instabilities of acoustically levitated samples in a reasonant cavity has been 

developed. 

The effects of spot heating levitated samples were evaluated for single-mode 
cylindrical iSrs An Xe arc lamp stably heated a room temperature sample ,0 

~500°C. 


Publications 


D , w K rhline s K Trinh E. H., Elleman, D. D., "Charged Drop Dynamics 
Experiments Using and Electrostatic-acoustic Hybrid System," Mat Res. Soc. Symt L 
Proc. 87, 103 (1987). 


Trinh E H., and Olli, E. H„ "Single Axis Acoustic Torque Generation and Control, 
NASA Tech.’ Brief, NPO 17086, 1987. 


Robey, J. L., Trinh, E. H., Wang, 
Temperature Resonant Chamber," 


T. G., "Acoustic Force Measurement in a Dual 
.1. Acoust. Soc. Am., 1987 (in press). 


i pp C P and Wang T G., "Acoustic Radiation Force on a Heated Sphere Including 
Effects of hL, Trans'to and Acoustic Streaming," L Acoust. Soc. Ann. 1988 (m press). 
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Presentations 


Rmna„tsvs.'em- r AL E '’ a "^ Wan *’ , T «; "Thermal- Acoustical Interaction a 
esonant System American Chemical Society Meeting, New Orleans, August 1987. 
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B. FLIGHT EXPERIMENTS 
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1. ELECTRONIC MATERIALS 
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Cornmmd S m kmductor Growth in SM £e 


NASA Langley Research Center 
Dr. A. L. Fripp 
Dr. W. J. Debnam 
Mr. I. O. Clark 

Dr. Roger K. Crouch, NASA HQ 
In-House 

This is an in-house effort 


with a small support contract for numerical analysis. 


This research analyzes .he effects of “"'“cSs gTol%Tth° S Bridgman 
microscopic homogeneity of compound semi is ^ad-tin-telluride which is always 
technique. The material of pnma £“^ 5 “ based experiments have involved the 
thermosolutally unstable in a g y development of delineating etches to show 

- M8h 8radien,s ' 

The first space flight of this effo * r a^ur^ proHles. Ground based tests are 
Hardware anomalies resulted in 

still being conducted to understand the flight results. 


Publications 


Crouch, R. K„ Fripp, A. L ^ ebna ™’ C p m p 0und Semiconductor Crystal Growth 
and Simchick, R. T.. "Results from a Compo ^Sern^o ^ ^ ^ MpL£ ElectroniC s 

Experiment in a Low Gravity nvir 23-25 1987. Santa Clara, CA. 

Materials and Processes Conference , June 23 25, 

. A T nphnam W J and Simchick, R. T., "Image of 

Liquid' Soli^Interfaces^n DhectionaUy Solidified Crystals,' HAS^hiM 11 

(1988). 

Barher, P. Colentan, •E.ectrochenrical Growth of Crystals in Gets," NASAjishJtaf 
J2 48 (1988). 
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C rystal Growth 0 f Device, Quality G aAs in Sgace 

Massachusetts Institute of Technology 
Professor Harry C. Gatos 
Dr. Jacek Lagowski 

NSG 7331 (NASA Contact: Dr. Roger Crouch HOI 
ecember 1, 1987 - November 30, 1988 


crystals of theo^aT^a^ ^ 

for achieving quantitatiPPdldoI^ and techni Ques 

properties of GaAs. These types of relationship , gr ° Wth parameters a " d electronic 
achieving bulk GaAs crystoTt£,^SS“X CXP6Ct *° P ° im ** Way t0 


Publications 


of^Macros'copi^Inhomog^eitie^oirEI^ctroirMobnitv^' s^ ' ^ " C - "Effects 

£hys. 59, 3144 (1986). Mobility in Semi-insulating GaAs," J. Aonl 

Kang, C. H., Kondo, K., Lagowski, J., and Gatos H r "a 

Preventing Surface Degradation of GaAs during CaPesPA T° Ambient Conditio "s 
Temperatures," L Electrochem Spc 134, 1261 fl987) Anneahn § a ‘ High 

Thermal Conversion," J. ( ^ b ^ aCteriStics of GaAs with Inverted 

Semi-Insulating GaAs: DaemSim^i thf Fermi’E^'' 7?'?' Characleriz «ion of 
Midgap EL2 Level and ,ts of the 


Presentations 


C. ,°"The Effects' *• - — «■ 

COT/ — « ** - MmJ cXln~.°^ ott'V^. 

Ga 0t Semi “nd„«or Compounds - 

Hoinkis, M./web^r^E^R.^n^Waiu^iewicz "o ' Skowronski - M ~ Gatos, H. c„ 

EL2 Midgap Donor, the 1 039 eV Zero Phnnn^i • ^ uant,tatlve Correlation Between the 

»r «. 
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Kobayashi, T., Lagowski, J., and Gatos, H. C., "Thermodynamic Analysis of the Role of 
Boron in Growing Semi-Insultating GaAs by the Bridgman Method," 5th Conference on 
Semi-Insulating III-V Materials , Sweden, 1988. 
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A Comparative Study of the Influence of Convection on GaAs 


GTE Laboratories, Inc. 

Dr. James A. Kafalas 
Mark Levinson 
Ben Yacobi 
Alfred Bellows 
Dr. John Gustafson 

NAS3-24644 (NASA Contact: Dr. R. Lauver, LeRC) 
September 6, 1985 - September 5, 1989 


The objective of this study is to determine the effects of buoyancy driven fluid 
flow on the properties of melt grown GaAs crystals. 

Baseline GaAs crystals grown in the convection-free environment of the Space 
Shuttle will be compared to crystals grown on earth under various fluid flow conditions 
as determined by gradient orientation and the presence and orientation of a magnetic 
field. The characterization of the GaAs crystals will correlate the degree and nature of 
the convection with macro- and microsegregation effects, dislocation density distribution 
and electronic properties. The data will be interpreted based on model calculations of 
the fluid flow patterns in the melt under the various growth conditions. The improved 
understanding of the role of convection in the growth of GaAs gained from the 
proposed research will contribute to the refinement of GaAs growth techniques to 
produce substrate material with improved homogeneity and lower dislocation densities. 


Publications 


Kafalas, J. A. and Bellows, A. H., "A Comparative Study of the Influence of Buoyancy 
Driven Fluid Flow on GaAs Crystal Growth", in Proceedings of 6th European 
Symposium on Material Science under Microgravity Conditions, ESA SP-256 1987 pp 
525-527. 

Bellows, A. H., Duchene, G. A., "A Payload for Investigation the Influence of 
Convection on GaAs Crystal Growth", in Proceedings of 1987 Get Away Special 
Experimenter’s Symposium (N. Barthelme, ed.), NASA CP 2438, 1987, pp. 77-82. 
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Solulim C rystal Growth jn Low £ 


Alabama A&M University 
Dr. R. B. Lai 
Dr. W. R. Wilcox 

Dr J. D. Trolinger, „ , . . 

NAS8-36634 (NASA Contact. Mr_ Rudolph 
September 25, 1986 - December 31, 1988 


Ruff, MSFC) 


This project involves a refligh. of an 

crystal in aero-gravity. flown ' “”„ S S l^ nTgrow crystals to triglycine sulfate (TGS) 
The objectives of this research Experiment System (FES); 2) to study 

using polyhedral seeds using modified FI P dimensions and, 3) to 

holographic interferometry influence of g-ji«er on the 

study the fluid holography of tracers, ana 

growth rate. 

Single crystal of TGS will be grown 

polyhedral seeds. Experiments art ’ u *£erw V d ent The optical part 0 f the 

natural (001) face seeds can be used 1 for the > 1 ^ grQWth cell an d holography 

FES system has been mocked up in g con ducted to determine the size, type, 

system. Some preliminary experime in the FES to monitor convective 

and number density of particles that b been rec orded and the reconstruction 
flow. Holograms for different conditi > h and number density of particles that 

have been conducted to determi flow Holograms for different 

should be used in the FES to been used to see how clearly 

conditions have been recorded an ticles Also, test is to design and select a 

the flow field is characterized by the parhcles, ^ ^ ^ p£S windows that will 

X"tL^ views of the fluid field. A preliminary design of HOE is 

complete. 


Publications 


CP-2429, 1987. 

_ * v onrt Kroes R L., "Solution Growth of 

L ct.ais B in NASA “ NAS8 - 32945 ' 


1987 
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Presentations 


Growth Experiment on IntemSi J - D - "Solution 

Microgravity Research and Processing Ampr.v* y aborator y (IML)," Symposium of 
1987, New Orleans, LA. 8 ’ mencan Ghemical Society Meeting, September 

Diagnostics in M^raWty^xperime’nK SUth| U ? ht H ? lographic S >' s «™ for Flow 
Lasers and Electron Optics (ICALEO) Nove m J , w ” a r D ^ 8 CA°" APPlica,ion! pf 
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Growth of Solid M mionXiysals 

Marshall Space Flight Center 

Dr. S. L. Lehoczky 

Dr. F. R- Szofran 

In-House 

Continuing task 

, -c to establish the limitations imposed by 
The major objective of this res f^ C ^ S so \yf 0 t t ion semiconducting crystals. An 
gravity during growth on the Quality of in the absence of gravity, 

important goal is to explore the P°fJ b rd Te w j t h x -values appropriate for 

The alloy system being investigated is Hgj x ^ x wavelength region. Both melt ^ n J' 
infrared detector applications in he 8 1 study consists of an extensive ground-bas 

solvent growth are being consid • reauired to define the optimum 

experimental and '^''‘^''“Xnned fU h. experiments. Hg.^Cd Te -s 

— 

.0 optic, computing and common, cartons 

well as the national defense. 

iTis. the interpretation of the results 

growth parameters, the pseudobi of temperature (0^0.15) 
diffusivities (0<x<0.3), and the specific vohunes available data, the heat 

interface segregation coefficient a g Theoretica , mo dels have been developed 

2S -elect parameters for the ftrs, fltgh, 

“ Perime '"' • r fc „„ carrier concentration, Fermi 

A microscop, c mode, for ^ 

SB - - -r ?r S 00K 

measurements were performed o t agreeme nt with theory and ■ 

acceptor concemra.ions for vartous process, ng 

conditions. . u u aQ ^H il- 

The crystal growth studies sii^fully grown by 

analysis of ,e measuted 
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axial compositional distribution in th a • 

effective HgTe-ZnTe and HgSe-ZnSe in ff %^ aS USed t0 estabJish f or the first time 
Both the Te and Se-based alloys fhowed improv^ for the molten alloys 

the substitution of Zn into the respective Cd £1? 10 attice stren 8th resulting from 

e ectrical and optical properties of the He 7 n<; 106 S ! tCS ' In part i cu,ar > measured 
to the HgSe system was effective in stabbing S f indi , cated that the addition of Zn 

the first direct experimental confirmation foArPd" electrical properties, thus providing 
against point-defect formation resulting from Tn addllr s Pr0Vement * lattice Stabilit y 


ihe Homogenization of Wmins D “™8 

Hg, _ x Cd x Te of 

mTi* : n isr* h ^ 

Szofran, F. F Pcrrv P t p , 

Edge Mapping," J i Xiya,_Gi^h 86, CScT ( f98 S 8) L '’ " High,y Autom ated Transmission- 
Dakhoul, Y. M Farmer p T . 

<‘<m “ — W 

Growth of Solid Solution' System bV^iWr^ 1 ! - ,?'' a " d Andrews " R N,, "Crystal 
International • 87 Materials Congress , 1987 in Proceedings of ASM 

Hg n ;::S x ?e - Characterization of 

Di re ?,io„ai L ^,wm«L L " ixS^ R i9M™^) HgZnT * Alloy Crys,a,s by 

Directionally So of 

Andrews, R. N. Szofran p p ' 

^gO ySemiconductor Melts f rom ^n te rr u pite^Gr o w th ’ J ter . na * Te mperature Gradient of 
1988 (in press). uptea Growth Experiments," J. Crvsf Growth 

RedistribuS" during^ CMtog HgAcd 1 ’'' £ h ,Si 2ky '- S . L " "Compositional 

pressy 8 0 * Cd 0 2 Te Alloys," L Crvst, Crow.i, , 988 (in 
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Vgj2or Crystal Growth of M_ercur ic_ Iodide, 

EG&G Energy Measurements, Inc. 

Dr. L. van den Berg 
H-78559B (NASA Contact: 

January 1987 - January 1988 


Single crystals of mercuric iodide are used in high-efficiency x ray and gamma 
ray detectors operating at ambient temperature. Optimal operation of the devices is 
determined to a large degree by the density of structural defects in the single crystalline 
material. Since there are strong indications that the quality of the material is degraded 
by the effects of gravity during the growth process, a program was initiated to grow one 
or more crystals of mercuric iodide in the reduced gravity environment of space. 


Specifically, there are two reasons to perform the space experiments. 

1 Single crystals of mercuric iodide are prone to slippage under the effect of 
gravity, especially at the elevated growth temperatures, with a concurrent 
decrease in structural quality. 


2 It is not clear what effects convection flows in the vapor phase have on the 
' growth and the homogeneity of the crystals. Growth in reduced gravity would 
provide information regarding these questions. 

The first experiment, performed during the flight of Spacelab 3 (April 29- 
May 6, 1985), was highly successful in the sense that all scientific objectives were 
fulfilled The structure of the space-grown crystal was more homogeneous and the 
critical electronic properties were increased by a factor of seven compared with the best 
earth-grown crystals. 

Preparations are underway for the next experiment, to be flown on the first 
flight of the International Microgravity Laboratory (IML). Present ground-based 
research and experimental development activities concentrate on improving the control 
system of the flight equipment and increasing the temperature of the growth process so 
that larger crystals can be obtained in the limited time available during the flight. 


Publications 


van den Berg, L. and Schnepple, W. F„ "Growth of Mercuric Iodide in Spacelab III," in 
The Nation's Future Materials Needs, International SAMPE Technical Conference Series, 
Volume 19 (T. Lynch, et al., eds.), SAMPE, 1987. 

van den Berg, L„ "Mercuric Iodide Crystal Growth in Space," NucL Instrum. & Meth„ 
1987 (in press). 
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Vapor Growth oJ_ All o y -T voe Semiconductor Crystals 


Rensselaer Polytechnic Institute 
Professor Heribert Wiedemeier 

NAS8-32936 (NASA Contact: D. A. Schaefer, MSFC) 
March 1978 - March 1988 


be present effort is part of a continuing research program directed towards the 
investigation of basic vapor transport phenomena and of crystal growth properties of 
electronic materials. The primary objectives of ground-based studies are the 
development and definition of optimum experimental parameters for flight experiments. 

e ground-based effort includes the investigation of gravity-driven convection effects 
on mass transport rates and on crystal morphology for different orientations of the 
density gradient with respect to the gravity vector, and as a function of pressure and of 
temperature. In addition to the experimental tasks, theoretical efforts involve the 
quantitative thermodynamic analysis of the systems under investigation, the computation 
ot tluid dynamic parameters, and the consideration of other possible effects on fluid 
low under vertical, stabilizing and microgravity conditions. An important aspect of the 
®° re . t,ca f . ei T ort IS the furth er development and improvement of transport models for 
diffusion limited mass transport of simple and of multi-component, multi-reaction vapor 
transport systems. 

The specific experiments to be performed in a microgravity environment include 
tbe investigation of vapor transport and crystal growth phenomena of the Hg, Cd Te- 
Hg 2 system. Emphasis for this system is on the mass flux, on the unseeded growth of 
bulk crystals, and on the growth of epitaxial layers. The above experiments are 
performed in closed, fused silica ampoules. 


pff f r C objectlves 0< the H Sl-x Cd x Te experiments are to determine the positive 
effects of microgravity on vapor phase crystal growth of ternary, alloy-type materials in 
terms ot chemical and structural microhomogeneity. Gravity-driven convection effects 
on mass flux and morphology of bulk crystals have been observed under ground-based 
conditions. Continued experimental efforts are directed towards the optimization of 
temperature conditions for the bulk growth of Hg, CdTe crystals in microgravity 
environment. 1 x x 6 y 


The major tasks of ground-based studies of the seeded growth of Hg, Cd Te 
layers by chemical vapor transport reactions involve systematic investigations of the 
growth rate, morphology, homogeneity, and electrical properties of HgCdTe layers. 

hese studies include measurements of the effects of substrate orientation relative to the 
density gradient, of temperature, and of transport agent pressure on the above 
properties. They are performed under horizontal and vertical stabilizing conditions with 
the goal to observe the effects of convective interferences on layer morphology and 
properties. The results of on-going ground-based studies are continuously evaluated and 
are used for the systematic modification of grown parameters with the important goal to 
define optimum experimental conditions for the microgravity experiments of this system. 

In addition to the above experimental efforts, theoretical work on the 
^l-x^d^Te-Hg^ system ‘ s concerned with the thermodynamic analysis of the solid- 

^ a JP 0r . equi ! lbr,a ’ Wlth the development of a transport model, and with the prediction of 
diffusion limited mass transport rates of this system. 
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The above studies are supported 

Hg, x Cd Te for different compositions and as ' £ , f ^ experiments are the 

dynamic microbalance techniques. The maj ° J t)0n of Hg. CdTe and the 
direct, in situ determination of Hg vacancy important material. In combination 

derivation of the hea, of vacancy .^^“Sdies -ill nrake a significant 

", [Tic ,he“Sa U .ion of the nnechantstn of vacancy formation of 

Hg!_ x Cd x Te. 

The results of the combined exp ® r “ to our 

technological significance. It is expected th h of binary and ternary 

in ^"4 condSions for space process, ng 

applications. 


Publications 


.. t> a onrt Palns7 W "The Heat of 

Wiedemeier, H., Trivedi, S. B., Whitesi e, - ^ „ T Fiectrochem. Soc, ill, 2399 

Formation of Mercury Vacancies in Hg 0 8 Cd 0 2 le, =L_ 

(198 6 >. 

Wiedemeier, H. and Trivedi £ B " Initial 
Experiments Performed on the D-l Space wigni, 

tt >i a Thermodynamic Model of the Hg 0 gCd Q 2 Te-Iodine 
source Material," 

(1986). 

TT U rt,Tnrir a D "A Thermodynamic Model of the Hg 0 gCdg ^Te-Iodine 

Composition within the Honrogene.ty Range, Z. 

Annrp Alls. Cheim Mi, 109 (1986). 

— EKhlni of 
press). 

„ti,p Pressure-Temperature Phase Diagram of 

Mass Loss Measurements', JJ^CommMj^ 

1987 (in press). 

. , ■ U "Response to the Comment by R. F. Bredbrick on the 

P C\y'H.’ w"r' e « ai.Lntitied ° f VaCa " C ' eS 

H g 0 8 Cd 0 2 Te’", L Electro chem. Sq£t, 1987 (in press). 
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2. SOLIDIFICATION OF METALS, ALLOYS 
AND COMPOSITES 


PRECEDING PAGE BLANK NOT FILMED 
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ic TMmo^hi mal Measuremem in. Sj2m . 


Dynamic 

National Bureau of Standards 

Dr. Ared Cezairliyan N .,, ho1 

W-16 247 (NASA Contact: R. Crouch, NASA Q) 

January I, 1987 - January 1, 1988 

The objective of 

resolution dynamic measurement o e etC-) of high-melting-point 

rS Xve .be f-ing Point, o f tbe 

ground-based millisecond-resolution experimen s. 

The firs, phase of the research is Jo .mb™ £ mi^ravity 
specimen when heated rapidly to •'"'P e ' a 1 “ continue d. A test equipment package has 
environment. Work in this direction is g heat ; ng 0 f the specimen to 

been designed and constructed whic f the ge0 metrical stability of the 

temperatures above its ™ e “J. Movable specimen cartridge cells, a battery- 

liquid specimen, Thts system consrsts of rerno a P „ , e _ wave length pyrometer and 

bank power supply, a high-speed framing ! camera, 8 flown several times 

electronic switching and control eq»tP'™nb Jh s *y« refinements and 
on board a KC-135 aircraft. ^. re . s ”'“ “^“ing made. Some additional 
modifications in the system, “hie P „ understand the behavior (geometrical 

theoretical work is underway in this “■««“ he assage of a high current pulse 

8eome,ry and ,he opera,ing co 

of the overall system. 

The second phase of the work is to add new 
rapid and accurate measurement of curre , ^ ^8 r ’ equirementS for operation in a 
gradients in the sP ec >men ta mg . i t ods Qf time significant progress has been 

microgravity environment for * P ction 0 f two high-speed pyrometers 

made in this direction, including co svste m will be used to demonstrate the 

(multiwavelength and spatial scanning). definitive measurements of selected 

^h^ 

metals at hi8h temperatUrCS W3S dem0nStrat6d bY 

preliminary experiments in KC-135 aircraft. 

Publications 


SSSui’C ^f C Fu P ion J of L Meml^Ni r oWum n , d I^u!^Mnn2Ehy^ n S, 577 (1987). 

c , j L -Heat Capacity and Electrical Resistivity of Liquid 

*• 803 <i,87) ' 


PRECEDING PAGE BLANK NOT FILMED 


j *J y I HftWMWm liiAttli 


Temperature MeasuremennfoJksh^ in^ress^^”^ ° f NASA Noncontact 


Presentations 


Cezairliyan, A., "Fast Radiation Thermometry • presented af maca m 
T emperature Measurement Workshop, Washington, TC April mi. 

Tem^t^t^^ '« Measuring Surface Tension 

Symposium on Experimental Methods for Microgravit’v PJ asanlt j d ^' Second International 
Phoemx, AZ, January 1988. i ogra ty Matenals Science Research, 


176 



g T rr--r r>- Wmmmix tomme m. 


Massachusetts Institute of Technology 
Professor Merton C. Fleming 
Dr. Yuh Shiohara ~ 

NAG3-24875 (NASA Contact: Fred Harf, LeRC) 

May 29, 1986 - March 31, 1989 


The objectives of the S’SSTXS ^‘cLtings; (2) 

ss: - «> » — * nd 

understanding of microstructures so produced. 

The first alloy undercooling e^enments .^^^^7986.'" One eutectic nickel-tin 
levitator during the Columbia STS- j processed before an unanticipated 

(Ni-32.5wt%Sn) alloy specimen tbe wa ter cooUng line) terminated the experiment, 
equipment failure (clogging of ^the water coo history measurement showed 

Examination of the specimen and t discussion of the flight experiment are 

evidence of undercooling. Detai ed ^ directly related ground base 

summarized and reported in Published pap bgen * ublishe d, include dendrite 

undercooling, thermal history measurement, 
metallographic studies, and a summary paper. 

Among the results that have 

recalescence temperatures after some mi ts and compositions exactly at that 

that the liquid and solid must be present Uibrium phase diagram. Ostwald 

equilibrium predicted by t e , ever be Q f controlling importance in the later 

ripening or "coarsening is eing ' h e fineness of the structures. By optical and high 
stages of recalescence as well as in the finene ^ the grow th of dendrites in the 

speed photographic measurements, we sample at relatively 

early stages of growth and observe the* £ *™P ^ ^ ^ ^ in _ situ 

early stages of the recalescenc . y funct i on of undercooling. As a result of 

measurements of dendrite growth rates as a f unction o understanding of 

these experiments we are beginning “^Ircoo^d dTpCcertainly the firs, tha, is 
solidification and recalescence be avi exDer i m ental verification. Experimental 
based not only on modeling studies by p ® u with Lipt on, Kurtz, and Trivedi 

results of tip velocity vs. undercooling ag “ the range of undercoolings 

We will continue to work on Ni-x%Sn dlojre as y^^easiements, 

Metallographic work will be contamed ons oSm Wjhology and fineness of 
electron microscopy (SEM) will be used t0 afm spacing 8 EMPA and EDAX will 

microstructure, including gram size £M d S jem will be used for ultra-fine 

be used to analyze the composition profiles. ltM 
microcrystalline structures. 

New experimental results are being used to modify and improve the assumptions 
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of this solidification model Consenupntiv 

better the significance of and wa^to ml, , TT C ° ming t0 under ^" d much 
dendntic tip during the early stage of recalescence O^ f ! r0Ce ^ s f occurrin 8 at the 
thickening of dendrite arms during the second nerinH r° Ute , d,ffusion controlled 
controlled growth and fineness of § the structurp H d of recalescence i and (3) ripening 
This work will be continued and extended to devpIT 8 5 e „ thjrd period of r ecalescence. 
solidification process at high undercooling develop ■* fu phySiCal model of the 
flow, solute diffusion, interface Velocities* rem?^ 355 ' 1 ^ thermodynamic s, kinetics, heat 
the model with experimental measurements. ^ coarseni ng-and correlation of 


Publications 


Gas Atomized and of Enfulsi: f ted H^g hfy UndT * - C ‘ ’ " Comparison of Structures of 

Solidified Alloys and Their Mecha^l 1 fu™ 0 ** N, ‘ Sn A,loy Droplets," in Rapidly 
Polk, and A. I. Taub, eds.), MW ^ (B ‘ C ° ieSSen ’ D E 

Nickel-Tin Alloy,"^ Growth of an Undercooled 

SST* A " oy Phases ,EW - - cSSS; pp. 

Grow,h of - 

M : C - "Solidification of 

M at. Res. Soc. Sym p, p r oc 87, 47-56 (1987) § y CondltJOns Jn th e Space Shuttle," 
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I sothermal Dendrite Growth Experiment 


Rensselaer Polytechnic Institute 
Professor Martin E. Glicksman 
NAG3-333 (NASA Contact: E. Winsa, LeRC) 
October 1983 - October 1987 


The objective of this flight experiments is to assess the influence of gravity on 
the growth kinetics and solidification morphology of freely growing dendrites. 


The work has focussed on three areas: (1) growth chamber design an 
development, (2) evaluation of the photographic data collection system, and (3) da a 
analysis and reduction procedures. 


Growth Chamber Design 

The laboratory growth chamber has been redesigned for the flight experiment. 
The preliminary design of the flight growth chamber has incorporated a number o 
features not present in the laboratory model. The chamber design has not been tested 
and remains unproven; nevertheless we are confident this design will meet the 1 1 
and engineering requirements for flight aboard STS. The flight chamber design has 
passed § a Preliminary Design Review held at NASA Lewis Research Center on Apri 21, 

A discussion of , he preliminary design of the flight chamber ts presented below. 

An exhaustive set of materials compatibility tests were run in order to 
construction materials with the least interation with SCN is a subset of stainless steels. 

To obtain free dendritic growth, driven only by diffusion of heat through the liquid, it 
is necessary to indicate dendritic growth at the center of the chamber This is 
accomplished via a capillary injector (stinger). The stinger consists of a stainless stee 
tube with a glass tip seal to the end, in the growth chamber. The &* as s U P 1S pulle .^ t0 
a small diameter, approximately one millimeter outside diameter and 200 micron inside 
diameter. The end of the stinger outside the growth chamber is sealed with a welded 
stainless steel plug and capped with a copper plate. 

The initiation of the growth front in the stinger is accomplished with four small 
thermoelectric coolers attached to the copper plate on the end of the stinger stem, 
coolers are potted in epoxy to provide thermal isolation from the t he rm ostatic bath^ 
These coolers will allow the central microprocessor to initiate growth when all coolers 
allow X central microprocessor ,0 initiate growth when all of the expenmen, al 
conditions have been met. Once the coolers are switched on they drive the tem P^ ratu 
of the stinger well below the nucleation temperature of SCN. Once initiated, the 
growth front then proceeds down the stinger where it emerges in the center of the 

growth chamber to be photographed. The growth chamber must provide two 

unobstructed orthogonal viewing axes. Thus, the chamber contains ° ur W11 ' 1 ' 

windows consist of glass flats sealed to stainless steel bezels which are in turn electro 
beam welded to the chamber body. Sample volume change compensation, which ^is 
special problem under low gravity, also had to be included in the growth chamber 
design The thermal expansion of the solid from 25 C to 58.1 C, the p ase c ang 
vSume expansion, and the thermal expansion of the liquid from 58.1 to 62 C must be 
compensated for to prevent stray vapor cavities from forming and to prevent 
overpressuring the specimen chamber. In addition the system must remain hermetically 
sealed, prevent free surface formation such as shrinkage pores, and be constructed 
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entirely from stainless steel and glass. The volume expansion and free surface control 
are accomplished with a stainless steel bellows electron-beam welded between the top 
and bottom halves of the growth chamber. The bellows throw and spring rate sufficient 
to compensate for all volume changes with a large safety factor. The growth chamber is 
sealed under vacuum and the external pressure transmitted through the bellows from the 
thermostatic bath is sufficient to prevent any free surface formation. The final 
component of interest in the growth chamber is an ultra stable thermistor. This 
therminstor serves two functions. First, when used in conjunction with a laboratory 
temperature standard during ground based testing, the purity of the SCN in the chamber 
can be checked. Secondly, during flight, this thermistor may be used to cross-calibrate 
all temperature sensors located inside the thermostatic bath to the actual measured 
melting temperature of the sample. 


Photographic Data Collection System 

Several photographic testing sessions have been conducted over the past year in 
conjunction with NASA Lewis Research Center. These sessions have attempted to 
identify and define certain features of the photographic system needed to meet depth of 
field and resolution requirements necessary for the precise measurement of dendrite tip 
radii and growth velocities. A modified shadowgraphic technique will be utilized using 
a conventional flash lamp light source which provides the best compromise between the 
qua lty to the image and the exposure time. In addition, flat window glass growth 
chambers were designed to aid in the photographic testing. 


Data Analysis and Reduction 

In conjunction with the photographic tests, a data analysis and reduction system 
has been developed concurrently in order to analyze the negatives from the various 
photographic systems. The system, consisting of a Ram Optical Instrument (ROI) optical 
measurement microscope (linear resolution - 1 micron), an oscilloscope and an IBM XT 
computer, has been assembled to objectively evaluate the quality of an image. The 
output of the microscope’s camera is fed into the oscilloscope enabling the relative 
intensity of the image to be displayed. Three different types of measurements can be 
made to assess the quality of a particular dendritic image. Growth velocities are 
calculated by measuring the distance a dendrite has advanced between successive frames 
and the time between those frames and compared to ground based data. Secondly an 
edge function width is measured with the aid of the oscilloscope. The edge function is 
defined as the distance over which the intensity of image falls from white (dendrite) to 
black (background) and may be equated to the uncertainty of the actual position of the 
edge. Data points around the edge of the dendritic image are measured and fit to a 
parabola using standard multiple regression routines. Tip radius may then be calculated 
and compared to the ground based data. The ROI optical microscope has been 
interfaced to an IBM XT and communication software has been developed allowing the 
direct input of data from the microscope into the computer. In addition, digital image 
processing of the images is currently under development to assist further in the objective 
evaluation of the photographs. J 


180 



Publications 


m F -Adiabatic Recalescence Kinetics of S“P““ o1 ^ R 

“ d M “ a "nJ 'Co^rot ./ to** -* ^ f *’ 

Tare Melts, , 579-559. 

**J. -.»*• ■ » „ Dendrite Growth in Alloys at 

Lipton, J.. Kura, W .. ?^^ M 34,-34 S (1987). 

Small Supercoolings, ! - and 3_Dimensions 

Selleck, M. E., ’^°thermal Dendritic o 

U ’ Tirmi2i , s„ and Selleck, M. 

Glicksman, M. E„ Experiment,- 

E., "Isothermal Dendritic G 
1088 (accepted). 


Presentations 


t a Tirmizi, S., and Selleck, M. 

Glicksman, M. E„ » 0N 

E„ -isothermal Dendr.ttc t Chow h A 

Microgravity Research, Utrecht, ^ s _ and S e„eck, M. 

Glicksman, M. E„ Winsa, E„ Hah^ £ ^ ;^?, 8 y r conditions’,- 26th AIAA Aerospace 

SJSrrSrKSr.-. ™ Pape. — 
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Grumman Corporate Research Center 
Dr. David J. Larson, Jr. 

M<f S8 ~K 5483 ^ NASA Contact: F. Reeves MSFO 
November 1987 - October 1989 SFC) 


m f? Uences of gravitationally driven^hermaMnV t J , dentlfy and Quantitatively evaluate the 

magnet* which aligned, two-phase 

experiment sequentially processes four f n H fr 2 nt dlrectl0nal solidification P Each 

« A S , S33^Sr ,i0, - , 

ront solidification) and at a conS ^Si^^;^ ati ° n in ^r face iTS'plane 
Sm -tec r^S UOna ‘ SOlid ‘ fi -' i ™ whereas 

solutal VeC '° r ’ l,ea ’ ,ransre '. level of thermo 

by varying the orientation of the gravid TeZ P H arame,ers a "= being studied terrestriallv 

e*£riS:"^ 

r 

ans ation, has been developed and solidifiVat* ^ UC ^ ing sam Pte, ampoule, and 

=^S SHS?s«iSSSr 

Stockbarger plane front solidification ’ ,Ve " “"vection in Bridgman 

vector), micros true mr^rnacrost^uctui^^c'hl process ' n k Parameters (including gravity 
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being studied using x-ray diffraction. The magnetic measurements, which are sensitive 
to all of the above parameters, are used as a structure and processing-sensitive means to 
determine the impact of gravitationally driven convection and convective heat transfer 
on an important physical property. 

Micro-g results from Mission 51-G have shown that diffusion controlled growth 
(k ff = 1) can be achieved in orbit that appear to be unachievable terrestrially, even 
using MFD. The diffusion-controlled results in micro-g, however, showed a greatly 
enhanced contribution of Soret diffusion to the chemical macrosegregation. This result 
was shrouded terrestrially by gravitationally driven convection. 

Results from Mission 61-C have shown damping of the thermosolutal convection 
comparable to that measured in the 51-G experiment, diffusion-controlled growth 
having been achieved. Surprisingly, in a portion of the sample allowed to free-cool, the 
morphology noted can only be explained on the basis of significant thermal undercooling 
of the melt. Attempts to reproduce this morphology terrestrially have only succeeded 
under rapid solidification conditions. Further attempts emplpying MFD and deep 
thermal undercooling techniques are being undertaken. 

The next flight experiment will be conducted in the Low Temperatyre 
Automated Directional Solidification Furnace (ADSF-1) System, in the mid-deck of 
Space Shuttle "Discovery" on Mission 26. Bi-Mn eutectic (0.72 w% Mn) and off-eutectic 
(0.60 and 045 w% Mn) samples will be directionally solidified at 1.0 cm/h, with an 
imposed thermal gradient of approximately lOOK/cm. The contribution of Soret 
diffusion to the macrosegregation in the off-eutectic samples will be quantitatively 
evaluated and the Soret diffusion coefficient inferred from the flight data will be 
compared with the value determined terrestrially. Further, the eutectic rod and inter- 
rod dimensions will be determined and the interface undercooling measured in-situ, in 
order to determine whether the previously noted microstructural refinement during 
micro-g processing results from increased interface, undercooling, a decreased transport 
coefficient, or both. 

The one-g experimental studies, in conjunction with theoretical analyses and 
experimentally determined thermophysical property measurements, will serve as a 
comparative base from which to evaluate the effectiveness of micro-g processing as a 
means of achieving diffusion-controlled growth of eutectic, off-eutectic, and peritectic 
composites. Comparative analyses between the micro-g processed and the one-g damped 
results will determine the uniqueness of the orbital processing. 


Publications 


Bethin, J., Larson, D. J., and Dressier, B. S., "Orbital Processing of Aligned Magnetic 
Composites," in Annual Report of the Francis Bitter National M agnet Laboratory, MIT 
Press, in press. 

Larson, D. J., "Materials Processing under Microgravity," in Encyclop edia of Materials 
Science and Engineering . MIT Press, in press. 
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Solidification Fundamentals 


Case Western Reserve University 
Dr. V. Laxmanan 
Professor John F. Wallace 

NAG3-417 (NASA Contact: Hugh Gray, LeRC) 
March 1983 - continuing task 


The objective of this research is to obtain a fundamental understanding of 
gravitational during solidification of metals and alloys. 

Experimental work underway can be divided into three major categories. First, 
experiments in support of a Space Shuttle experiment on macrosegregation behavior in 
Pb-Sn alloys. Second, experiments aimed at obtaining a somewhat more fundamental 
understanding of dendritic and cellular growth, using a directional solidification 
apparatus. Third, experiments aimed at understanding the influence of undercooling on 
macro and micro segregation behavior in bulk samples ( > 20 grams) of binary Pb-Sn 
alloys. This experimental work is also being complimented by theoretical work aimed at 
understanding these fundamental solidifications phenomena. Much of the experimental 
work described here is being performed in the MMSL, at LeRC. 


The Space Shuttle experiment which was originally designed to employ the 
General Purpose (Rocket) Furnace (GPF) is now being re-defined since the GPF will not 
available for future shuttle missions. Current plans are to employ the Multiple 
Experiment Processing Facility (MEPF) which will have many of the capabilities of the 
GPF. Analysis of the experimental work directly in support of the shuttle experiment 
was also the subject of the M.S. thesis work of Mr. Anthony Stider, which is now 
completed. The significant findings of this work are 1) the isothermally processed 
samples show a small and gradual increase in fraction eutectic, and hence tin content, 
from the bottom to the top of the ingot. This is usually referred to as normal 
macrosegregation and suggests flotation of segregated and lighter, tin enriched, liquid to 
the tip of the ingot during solidification. 2) there are significant radial variations of 
eutectic fraction and tin content, with radial variations being most pronounced near the 
top of the ingot. 3) the average fraction eutectic formed in the sample (although not the 
detailed variations) can be predicted quite satisfactorily on the basis of simple semi- 
analytical models which allow for variation of the equilibrium partition ratio during 
solidification and also, at the same time, account for some back diffusion of the rejected 
solute into the solid phase. In Pb-15 wt% Sn alloy, K varies from about 0.50 near the 
liquidus temperature to about 0.30 near the eutectic temperature. 


Experiments aimed at obtaining a somewhat more fundamental understanding of 
dendritic and cellular growth form the subject of the doctoral thesis of Mr. Li Wang. 
These are aimed at obtaining simultaneous measurements of tip radial, primary and 
secondary dendrite arm spacings, tip temperature and tip composition, and details of 
microsegregation within the interdendritic liquid and in the immediate vicinity of the 
growing tips in the array. During the past year more than 50 experiments were 
conducted in Pb-Sn alloys, with various compositions to cover the entire phase diagram. 
Unidirectional solidification experiments with Pb-rich alloys, invariably lead to 
difficulties with gravitational instabilities. These are being properly classified. It has 
been possible to measure dendrite tip characteristics in the Sn-rich alloys, and 
preliminary analysis indicate satisfactory agreement between theory and experiment on 
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the basis of models 

tzzzx « - used b> Lomme ' and 

Chalmers with Pb-Sn alloys. 

Finally, in our bulk have been 

S£5S ^“'"«r^avi.a.iona. Segregation effects at, duite apparent 

in these undercooled samples. 

otound-based research in the las. two categories could form the basis for 
defining some future space shuttle experiments. 
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Qmm. gnd MidUi mim TeshnQlo&x. L CAST l 

University of Tennessee Space Institute 

Ur. Mary Helen McCay 

Dr. T. Dwayne McCay 

Dr. Robert Owen 

Ronald Porter 

Montgomery Smith 

NAS8-37292 (NASA Contact: R.C. Ruff, MSFC) 

December 1986 - December 1990 
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solidification and coarsening processed of di? 8 ’ “ d (2) ‘° investi 8 a * the 
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3. FLUID DYNAMICS AND TRANSPORT PHENOMENA 
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University of Maryland 
Professor R. W. Gammon 
Dr . J. N. Shaumeyer 

Dr. M. R- Moldover NBS Lauver , LeRC) 

NAG3-727 (NASA Contact Dr. * 

May 15, 1986 - December 15, 1987 

SV «« - '• 1988 
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Sur face Tension DrimLCmmim 

Case Western Reserve University 
Professor Simon Ostrach 

E5SS™ -(SSSTSU* T.P. Jacobson, LeRO 

August 1984 - July 1986 

The ob j. ect '^^ Iggjy^state^flows ^n'the^ong-durati^n'lon/'S^o^bP^®'^ 1 ^^^ 6 
study the transient and steaay 

ShUttl6 ' • rs cm dia. and 5 cm deep) filled 

The experiment consists of * acquisition system. The fluid fr ® e J u ^ face 

with silicone oil, hea.m8 sys <^, * submetee d circular beater placed a, 

center 6 

the* 1 temperature ^^S.’wi,^ metu^by a 
static free surface shape will be varied to V f i rst one, the basic 
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^mics^Lnj mulaL Materials 

University of Colorado, Boulder 
Or. Stein Sture 

( NASA Contact: I. C. Yates MSFC1 
November 2, 1983 - July 31 , i 988 ’ MSFC) 
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Massachusetts Institute of Technology 
Professor Julian Szekely 


Dr. T. Kang 

NAG3-594 (NASA Contact. 


Fred Harf, LeRC) 


The objective of this research is to develop an ^^^^na in levitation 

motivation of this work is twofold. 

a number of fundamental hydrodynamic and electromagnetic 
' be uniquely addressed in this manner, 

n r tnanv materials processing 
the'present project provides an important 

support function for this effort. 

The current research pursues two complementary directions: 

- extensive computational the Temperature fields 

electromagnetic force field, . d ) metallic specimens. An 

in electromagnetically stirred (posiUo ) allowan ce is being made 

STSJSi -e surfaces deformation. 

- experimental work being earned ^^^wXdsmttal pool due to the 

pas^g^of ctirren^teiwcen two electrodes. 

Important milestones of the research inc.ude the Mowing: 

. the development of ' 

££ — “und based applications,, 

. very accurate measurement of elec, romantically driven flows m molten 
metal systems. 

. new initiatives for carrying ou, preliminary measurements in soon mg 
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Production of Larse-Particle-Size Monodisperse Latexes in Microzravity 


Lehigh University 
Professor John W. Vanderhoff 
Dr. F. J. Micale 
Dr. M. S. El-Aasser 
Dale Kornfeld, MSFC 

NAS8-32951 (NASA Contact: V. Yost, MSFC) 
January 1987 - January 1988 


The objective of this research is to produce large-particle-size monodisperse 
polystyrene latexes in microgravity in sizes larger and more uniform than can be 
manufactured on Earth. 

The following tasks were performed this past year: 

1) The demonstration that the uniformity of the space particles is bettr than 
the most uniform of those made on earth. The coefficients of variation of 
the 5-30ym space particles were 1.0-1. 4%; those of the best 10-100um 
particles made on earth were 2. 0-2. 5%, with others ranging up to 5%. 

2) The acceptance of two 30 ym space latexes by the National Bureau of 
Standards as Standard Reference Materials (earlier, the 10pm space particles 
were accepted as a Standard Reference Material and offered for sale; about 
35% of the samples have been sold) and the claim by the National Bureau of 
Standards that the space particles are more perfect spheres than those made 
on earth. 

3) The development of polymerization recipes in preparation for flight that 
give on earth monodisperse polystyrene particles as large as 100pm in size 
with tolerable levels of coagulum. 

4) The discovery that some seeded emulsion polymerization give uniform 
nonspherical particle (instead of spheres) as a result of the shrinkage of the 
monomer-swollen crosslinked spherical network upon heating and the 
solidification of new domains by polymerization. 

5) The development of systematic methods to produce uniform non-spherical 
particles (e.g., ellipsoidal and egg-like singlets, asymmetric and symmetric 
doublets, and ice cream cone-like and popcorn-like multiplets). 

6) The systematic determination of the effects of polymerization parameters 
on the phase separation; the degree of phase separation increased with 
increasing degree of crosslinking of the seed particles, monomer/polymer 
swelling ratio, polymerization temperature, and seed particle size; it decreased 
with increasing divinylbenzene concentration in the swelling monomer. 

7) The development of a thermodynamic analysis of the swelling and 
polymerization of latex particles in seeded emulsion polymerization taking 
into account the elastic-retractile force of the crosslinked network that causes 
the network to shrink upon heating, the polymer/water interfacial tenion 
force that restricts the swelling of the particles, and the monomer-polymer 
mixing force that occurs upon swelling of the particles with monomer. 
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Sheu, H. R., El-Aasser. M. S., and Vanderhoff, J. W., "Phase Domain Formation in 
Latex Interpenetrating Polystyrene Networks," Polvm. Mat. Sci Engr. 57 . 911 (1987). 
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Latex Particles," Polvm. Preprints 28 . 455 (1987). 
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Oregon Health Sciences University 
Dr. Donald E. Brooks 
Dr. James Van Alstine, USRA 
Dr. J. Milton Harris, UAH 


When aqueous solutions .of two of 

concentration they frequently form 'c,, n t water and can be buffered and 

these phases usually constats of more than 90 percent If a ce ,l 0 r par.tcle 

made isotonic by the addit.on of low molecular ^ (he system demixes rapidly 
suspension is added to such a sys cnl1 ' unequally between one of the phases an 
and cells are usually found to have f ^■ ,1 °"“ V “ 0 T be used as the basis of a 

L h ^roc^re« 

s b ” on 

extractions. _ 

By manipulating the composition of the phase ^^^^^Ynduding membrane 

a variety of molecular membrane antigenicity. When the 

hydrophobic properties, cell surface charge Qns based on thermodynamic 

results of these separations are compar P it is foun d the separation efficiency is 

measurements made on limit. This may be due in part to 

orders of magnitude lower thai \ undoubtably also responsible for this 

cell sedimentation but other facto location of lowest equilibrium free energy 

discrepancy. Displacement »f <^from the, locatm ^ ^ ^ ^ ^ imb dded 
may be due to the chaotic hydrodynamic en ^ idea we are aiming at performing 

during convection-driven phase demix QCCurs in the absence of convection, 

cell separations in microgravi y environment. In order to carry out such 

creating a more quiescent hydro . determ i n ants of demixing rates and the 
experiments information regarding ■ of buoyancy effects is required. Studies 

disposition of demixed phas during parabolic manueuvers and by Senator E. . 

conducted onboard KC" 1 ^ 5 ®!! cr 51D hav | indicated that in low-g aqueous polymer 
Gam onboard Shuttle flight STS-51D have no V ery ^ fluid shear lS 

^ t0 reS0We ^ SUbP0PUl3tl0nS 

unobtainable, by any method, on Earth. 

In low-g, Phase emulsions demix t ? U y Research 

surrounded by the phase which P re ^rentia ly disposition of the phases via both 

is aimed at controlling wa ,i coatings with different 

passive means (e.g., altered cha ^wtronhoresis of the phase whose interfaces 
wetting properties) and active means ( P such as interfacia i tension, phase volume 

exhibit zeta potentials). In addition, a understand their influence on 

ratios and phase viscosity, are being studied o be«er ^ wffl be 

demixing of the phases on both low-g and 1 Exper iment (PPE) to be 
investigated in another passive dermxi g . e relevant to a variety of 

flown on STS- 26. The demixing processes under siuuy 
demixing phenomena in materials processing. 
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University of Alabama, Birmingham 

NAS C 8 h ? 6611 E (NASA Contact: John Price, MSFC) 

January 1987 - January 1988 

The long range object ! ^ 
ground and in space will be per.o 

affect protein crysta gro produce protein 

This research program invoWes^m^ seT 

crystals y^oltograi*” while "'""'““^“develop a betterunderstanding of 

protein crystal “ S™program and extending mto P ,JtU 

process. Beginning «'*«*»*' Xogravity environment can prov.de stan ^ 8^ , n 
has been demonstrated t w „h improved homogenei » h ver a 

conditions than can result m crysta n ^ ^ crys , altod on space shuttle TO ^ 

dir“u°sirand C d"alysis techmQues^ ^“^^“Mhniaues for ^““^'fofg^win^ 
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of this research program. 
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Pituitary Growth Hormone M olecules 


Pennsylvania State University 
Dr. Wesley C. Hymer 
Dr. Richard Grindeland, ARC 
Dr. Wayne Lanham, MDAC 
Dr. Dennis Morrison, JSC 

NAS9-17416 (NASA Contact: D.R. Morrison, JSC) 
December 1, 1984 - December 1, 1988 


The objectives of the research are: (1) development, validation and establishment 
of sensitive bioassays for rate and human GH; (2) isolation of GH cell subpopu a ions 
and subcellular GH containing particles; and (3) isolation of GH variants from t e 
mammalian pituitary which have high biological activies. 

In an effort to accomplish the objectives, we are trying to develop a number of 
new bioassays for GH. These attempts are based on recent literature which report G 
directed effects that we believe can be usefully applied to this goal. 


a. CH on bone cells - We are developomg ways to isolate resting cells from the 
proximal zone to the rat tibial epiphyseal cartilage plate. Current literature 
suppests that these undifferentiated cells are responsive to GH. Consequencws 
of stimulation include 1) cell proliferation, 2) clonal expansion via IGF- 1 
amplification and 3) differentiation. We are therefore testing GH effects on 
,HTdR incorporation; release of collogen from single cells; relase ot IGr- 
from single cells; and induction of IGF-1 mRnA synthesis. These latter 
procedures are being done by cell biotting(see publication list) and Western 
blotting. 

b. GH on liver cells. - We are probing GH effects on IGF-1 expression using the 
cell blot technique. 


c. 3T3 fibrobiasts. - We are probing Gh effects on IGF-1 expression via Southern 
blotting. 

d. Macrophages. We are measuring production of exygen metabolities (singlet 
exygen, superoxide radicals) spectrophotometrically. These metobolites are 
producted when are exposed to GH. 


The primary reason for developing these assays is to be able to test samples from 
both rat and human pituitary tissue generated under objectives 2 and 3 for the purpose 
of testing their B/I activity ratios. 

e. Standard assays. The immunological (I) assay used for both human and rat GH 
will be that of enzyme immunoassay (see publication list). The biological (b) 
test that we have used in past research, viz. the tibial line assay, will serve as 
our standard for comparisions of the assays described above. The expense and 
relative insensitivity of the tibial line assay require development of these other 
bioassays in order to make steady progress. 


GH-containing cells present in enzymatically dissociated rat arterior pituitary 
gland suspensions as well as GH-containing subcellular particles prepared from human 
postmortem pituitary tissue will be separated by continuous flow electroporesis on the 
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McDonnell Douglas instrument. This device is currently (4/88 being installed at Penn 
State under the auspices of our NASA-sponsored Center for Cell Research (CCDS 
Program). Purity of GH cells in fractions will be established by flow cytometric 
immunofluoresce. The B/I activities of GH released from the cells after culture, or 
contained in subcellular particles, will be done by the assays described under objectives 


The aim of these experiments is to isolate, from the rat and human pituitary, a 
form of the GH molecule which is enriched in biological activity but poor in 
immunological activity. This is being attempled by HPLC (size exlusion, ion exchange). 
Antisera to candidate molecules are being generated. A high titer preparation will 
probably be used for further immunoaffinity purification techniques. 


The activity of the pituitary GH "system" is suppressed in microgravity. This 
system coordinated, in as yet poorly understood ways, activities of bone, muscle and the 
immune system. Our research is aimed not only at the isolation of GH molecules(s) with 
high biological activity, but at their location in subcellular particles and in their cells of 
origin. 


Publications 


Farrington, M. and W. C. Hymer, "Development of an Enzyme Immunoassy for Rat 

Growth Hormone," Ljfe_Science 40, 2479-2488 (1987). 

Howland, D. D„ Farrington, M„ Taylor, W„ and Hymer, W. C., "Alternative Splicing 
Model for the Synthesis and Secretion for the 20 Kilodalton form of Rat Growth 
Hormone," Biochem. Biophvs, Res. Commun. 147 . 650-657 (1987). 

Kendall, M., and Hymer, W. C„ "Cell Blotting: A New Method for Quantifying 
Hormone Release from Single Rat Pituitary Cells," Endocrinology 12, 2260-2262 (1987). 

Grindeland, R. W., Hymer, W. C„ Farrington, M., Fast, I., Hayes, L„ Motter, L. Fatil 
and M. Basques, "Changes in Pituitary Growth Hormone Cells Prepared from Rats flown 
on Space Lab 3. Am J. Phvsiol. 252 . 209-215 (1987). 

Kendall, M. and Hymer, W. C„ "Cell Blotting: A New Method Quantifying Hormone 
Release from Single Cells," Methods in Enzvmology . (in press) 

Todd, P., Hymer, W. C„ Morrison, D. R„ Goolsby, C. L„ Hatfield, J. M., Kunze, M. 

E., and Motter, K„ "Cell Bioprocessing in Space: Applications of Analytical Cytology," 
in Proceedings of Ninth Annual Meeting IUPS, Commission on Gravitational Physiology 
Czechoslovakia, September 28 - October 1987. (in press) 
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NASA Marshall Space Flight en 

Dr. Robert S. Snyder 

Teresa Y. Miller 

Percy H. Rhodes 

In-house 

The objectives of the Biophysics ! i' a " C ^ 1 ^ p^" s e vef^ped d built by the 

S‘&^£ErS^a»sr 

a " d erof S tu"SkTe“„.Ih: e de m o„s,ta,ed the utility of CFES. 

series ol successi u tvnp t hat can only 

Future experiments will empha^s^ ^gTS-G 

be investigated in a free flowing j^ S electrohy drodynamic distortion obser ^ , ° ^ ons ider 

interface must be done. The ^““‘“aWished CFES operattng parameters, 
and NASA priorities as well as the 


illiiuUMmLSm m EMaimem 

Center for Blood Research 
?/■ Douglas Surgenor 
NAS9- 17222 


or bheTthe'ear™' f°" “ “prison between 

comparing the main data **L ’ -a- 87 ' This P rov ided analysis nf M • a adable t0 the 

were made to e,,7„ (c) for '"fractions between ln »? 7 8 ' w ' ,ho “' respect to 

microgravitv hm <.ie x. po ss 10 * e the important nlatelpr f; n A- r eservation. This 
Patients on rL h ° lds co ™derable promise for " 8$ ° btained « 

experiments on 5SS s,^ a. t /vff f £" 

»y ™v^™h"“i,a M r impo ' ,a "'. they siren^oT.reTc"" * '° 8ical «»"*»■ °f .he 

w ere directed at fir age ° f pIate,et s is inferior to , x ™ "° gravity P ,a telet findings 

esper im e e „r r 1„ a d'„ f ;"'" 8 “ *“* ^Ired «*"£? £ 


Publications 


Jacobson, M. s 
Surgenor, D. M.’ 
(1985), Abstract. 


'A^nfqu^ Thi^^dm^T^hnique'fo/'pj^gi^'^^^C 


and 

1004 
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Surgenor, D. M„ 'Blood Formed Elemenls « Micro, ravity,' E!^ «• ** ^ 

Kim, B. S„ Chao, F ^ 

s„ Button, L.N„ and Kevy,s. V., iv 

799 (1986), Abstract. 

■ TO "An Autoanalyzer Test for the 

M 

Platelets at Microgravity, in rroceea s 

1987 (in press). -Human Blood 

o v Laird N., Blevins, D., and Curby, 

Surgenor, D. M„ ^ evy ’ e Ini ’ tial B lood Storage Experiment, 

Cells at Microgra • Luca$i R M „ and Spencer, R. H„ "The 

So°d “ Pr ° gram ’ 

inuia . p> H ’’Comparative 

Kevy, S. Gravityand a, Microgravity ,' 

EVa ' Ua<,0 ° b M Kenney D. M„ Ausprunlt, D. H„ Saymanski, i. 0.. 

STy-.S. V.; a^ Su B rgeno C r, d"m„ 'Human p'la.elets a, Microgravity, 

Lionetti, F. J„ Luscinskas, F. 

'fH^man G^anlcyies Foxing Storage on the Shuttle Orbiler Columh , 
t/i "Human 

“ of 

Space Flight,' 


207 



Ki dney QeU EJe c trojyfw^^ Micrnornvhy 

Pennsylvania State University 
Dr. Paul Todd 

NAS9- 17431 (NASA Contact- n R ■ 

May 1, 1985 - August 21 ^98? M ° rm ° n ’ JSC > 
electrophoresis^Wch^ology^nVcelfcuJtiT^ arK (1) provide ground-based cell 
space flight. 303 ^ 565 ° f P “ riM ^ 

r* ^rr r an ceiis in 

eta'™ hoL C , a ' i0nS - amib ' oti “. and J he effeCK of “" — 
erentiate morphologically, and to retain diff^ ia P ^ < ^ n, “^“ activators, 

by^tm^ii^^^^^hhh^^^ai^rdir^g 5 to°thedr*eiectr^ £ * dne .^ cells migrate in 

(2) ca Icjurn a ion a aT^oderatd y a htgh^(20 , mM)^o 0,netr ^ I - b * Pb ^ al a pdn after t separation m ' neP 

cells that produce P pL h smi’noglTactivator a oTa f o ^ " cytometer will be used to quantify 
uorogenic amide substrates that release 4 meth*" y ' one basis b y staining them with 
precipitated intracellularlv by the atMiHnn"„7( hoxy-2-oaphthylamine which ca" be 
plasm, nogen activator producing cels 'm b. 5 - n,,l :? s aIicyIaldehyde. The percent 

to examine the relationship between cell surfnr rtl ? 8 ‘ A f, ° W c y tome ter will also be used 
kidney cells fluoresced* bright that; (l) about 50% of a population of 

Polysine staining of the cell surface is rdvna yt ° metry ’ a " d (4) in model cell types^ 1 
* Pr ° POrti0nal '° SiaMC -id on the ceh SSETJESTSS, ^ ^ “ 
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T o accomplish objective three PO— bio, 

.he basis of analytical cell electtophotests os, 

an automated electrokinetic analyzer. 

,„ response to this ohiec.ive cel, Hfe cy^ysis - p" “X 

Of propidium ioddide staning of nuclear DNAf^ were com pared with respect to 
unusual findings, and three electr p differences observed among them. The 

could he performed during the protect 

Emphasis during the ,las. 
biophysical analytical tools for the pre flight 

populations. 


Publications 


Todd, P-, "APPl^i^s °f ^ 

— s “ <m ^ — *- — 

■ NRC ° f Ca " ada ' 1986 ' PP ' L Hatfield M., Kunze, M. 

Sp 0 ace S , Application of -aytica, Cytology,- 

TV.P Physiologist (1988). 

1 1 , a w "Analytical Cell Electrophoresis 

r " * Bioproce,sms <M ' Bier ' s ' 

Sikdar! and P. Todd, eds.), 1988 (in press). 

Vert^cal^Ficoll^Gradient, Theory ^nd^Experhn^nt^L-^^ 1 ^^^^^^^-' 

(submitted). # . 

Plank, L. D„ 

Electrophoresis of Cell in a Keversio.c 
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5. GLASSES AND CERAMICS 


PRECEDING PAGE BLANK NOT FILMED 
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University of Missouri, Rolla 
Dr. D. E. Day 

NAS8-34758 (NASA Contact: V. Fogle, MSFC) 
February 1982 - January 1988 


The maior objectives of this work are to: (1) obtain quantitative evidence for 
the suppression^ heterogeneous (3, 

sss; :s; fus,on 

micro-g. 

Tf t hp heterogeneous nucleation/crystallization of a melt is suppressed by 
c„„ B iner,^ “Sits criticat cooling rate 

will be less than its R g on earth. The ! mo ot sitional limits for glass formation and 

glass after containerless melting in micro g, the c . to which glass 

environment 1 of micro-g will be investigated by observing the level of chemical 
homogene "y achieved fn melts made from deliberately inhomogeneous precursor 

samples. 

An important practical task is to determine the suitability of using hot pressed 


Publications 


Chakraborty, 1. N„ Run. H„ and Day. D. E ^ S,rUC,U ' e 

of Y 2 0 3 -A1 2 0 3 -B 2 0 3 System," ,1 Non-cryst. Sohds 81, 173 (1986). 
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Ray C. S., Day D. E., and Chakraborty, I. N., "Crystallization of La.CL-B.O, Glasses 
° p f Ip' “ &^edin 8 s pf X IV Tnw,.,^! CnLL 

Huang, W Ray, C S., and Day, D. E., "Dependence of the Critical Cooling Rate for 
Lithium-Silicate Glass on Nucleating Agents," J. Non-crvst. Solids 86, 204 (1986). 

fc 3 !’ ?: S ‘ a , n . d . Da ^ D '„ E -’ " Cr y sta Dization of 2Bi ? 0, 3GeO, Glass," in Proceedings of 
. 15th Annual Meeting of North American Therm a ? Analysis %ocigtv 1986 pp. 353-358. 

Eml 87, S 239 d (1987) E ” 01355 F ° rmati ° n in Mi crogravity," Mat. Res. Soc. Svmn 

Ray, C. S , Huang W., and Day, D. E., "Crystallization of Lithia-Silica Glasses- Effect 
of Composition and Nucleating Agent,” J. Am. Ceram Snc (i n press). 

i E 98^"dT Processin8 of Glass Formin8 Mel,s in Space '- 
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Fluoride Glasses: Cryst allization and Bubbles in Low Gravi ty. 


Rensselaer Polytechnic Institute 
Dr. Robert H. Doremus 
Contract No. 955870 
January 1, 1987 - June 30, 1987 


To study the influences of surface composition and structure on properties of 
zirconium fluoride glasses, vaporization, crystallization and chemica. reaction. 


Publications 


Mathew, J„ and Doremus, R.H., "Outgassing of Z,F4-Based Glasses," L Am. Ceram. Soc, 
70, C-86 (1987). 

Doremus, R. H„ and Nordine, P.C., eds„ Materials Processing in the Reduced Gravity 
Environment of Space , MRS, 1987. 
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P hysical Phenomena hi Co n taineHess Glass Processing 

Clarkson University 
Dr. R, S. Subramanian 
Dr. Robert Cole 

NAS8-32944 (NASA Contact: V. Fogle, MFSC) 
December 1977 - December 1989 


r„r„scirr uh such as surface ,ensi ° n 


At this time, all of the research is ground-based. Flight experiments in an 
acoustic levitator are planned for execution in the future. 




Publications 


"'sss : °r r bk - 

206-219 (1987) iane surface, J. Colloid & Interface 115 . 

Ga” Babble ^nside'a't^-o'p'in ^er^Gnivitv^fn M « Grow.h of a 

MSS? * “ ttS£?£SZ s. 

SSHS— — — - 

Wi; ? 

*TJS„“Fiow^ 
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6. COMBUSTION SCIENCES 
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scmmc 

University of Kentucky 
Professor Robert A. Altenkirch 


Dr M. Vedha-Nayagam r . 

NAS3-23901 (NASA Contact. S. Olson LeRC) 
December 19, 1984 - December 20, 1992 


Solid Surfac e Combust ion 


The overall objectives of the ^P' r '” e ”‘ bun^ncy induced 

^S^^"^ m prove the fire safer, aspects of space 

travel. 

The spread of flame in the J* „ tirsoHtTfuel immediately 

in an essential way the trans er 0 =a h oharacte r of the gas-phase flow, an 

- here ,he f,ow is lar8el> 

buoyancy driven. 

An experiment has been ^® S1 ® ^"tad^g ^t^ abtencfof a buoyancy-driven flow. 

cellulosic material or a thick sample o P Y ^ at one en d, an d the ensuing flame 

environment of 0 2 and ^2- a ^u p e ,. nrea£ } ra te can be determined from the films, and 
spread process will be filmed. The spread rate ^ ^ ^ recorde(J A 

surface and gas-phase tempe " at “ reS ra J rr -g d out on t he Middeck has been identified. 

t b he monism Of forward heat transfer in the low- 

gravity flames. 

The experimental apparatus has heen conducted a. " a. 

Center and tested in the Drop Towel r f«nlrt ' ^ being developed as are 

spread Problem. 

Results to date show that measured 

at microgravity than for downward spread tion g hea , loss from ,he flames are for 

microgravity spread rates 8 factor of approximately five times what 

^^'tS^^^S-^stry, the predicted va.ues are 
approximately three times those measured. 


Altenkirch, R. A., "Combustion Studies in Microgravity," in Progress in Asironauiics an, 
Aeronautics IQ8, 225-230 (1986). 

E!tdnct\ ^ on'i^M^xed 1 C^^ a ^^ a Ro 8 ^a^^La^ma^^n”^oceedlIlg' a uf > Pn'e ,,^ - v ■^ ^c(> ' , ^ 

International Symposium on Combustion , 1988 (submitte ). 
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Presentations 


in vfted'paper^ CentrL^ States &rtiM/The Pnmh ! E " viro T nment in Combustion Research," 
Cleveland, OH, May 1986. / Combustion Institute Technical Meeting, 

Spreading AcroM SoUd ^ombSteSurf^es Shap ' of ■-"“'-Gravity Flames 
Combustion Institute Technical Meeting, Cle^land^OH S,y“SS S “ t " SeC,ion/The 

^readi^Dow^ T^ermally ^in’solid 'fhlels^b' * S™ 86 EITeC,s in Flame 

Combustion .nstitute Meeting, Sa„Ta„ FU pteV,o P rcr^emST9r6 C,i0n/The 

W ox id™™ p “" *** D <™ F,ame 

Section/The Combustion Institute Technical Meeting’ “, L X' St 
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Particle Cloud Combustion Ejmnmenl 


University of California, San Diego 
Dr. A. L. Berlad 

NAS3-24639 (NASA Contact: Howard Ross, LeKCJ 
September 1, 1985 - August 31, 1988 


S£^.sS£ name sssssp 

“ ' of selected stoichiometry) is to be suspended in near zero gravity. Flame 

propagatioii and ex.inaion characteristics are .hen observed. Particulates under study 
include the fuels lycopodium, cellulose and coal, as well as a num er o ^ tower 

SSSt a. .he University of California, 

San Diego. 

Preparation of flight experiment designs is supported by LeR C an J U ^ 
experimental studies of particle mixing processes, optical transmissivities of particle 
cloud distributions, kinetics of particle-particle and 

simnression of agglomerative growth of nonmonomeric particle clusters. Pyrolysis 

of particulates of interest are made to £* 

needed in application of particle cloud flame theory to anticipated flight studies. In 
oreDaration P for interpretation of microgravity combustion experiments in both airplanes 
and future STS flights, theoretical studies emphasize comprehensive flame prop ^ tl °" 
and extinction relations for both freely propagating and stabilized particle cloud flames. 


Publications 


Berlad, A. L„ "Combustion Studies in Microgravity," Progress in Astronautics and 
Aeronautics 108, 201 (1986). 


Berlad, A. L. and Tangirala, V. E„ "Autoignition of Fuel Oxidizer Mixtures in 
Microgravity," Acta Astron. , 1988 (in press). 


Presentations 


Taneirala V and Berlad, A. L., "Spontaneous Ignition Phenomena in Two-Phase 
wT* ^H eterogeneous Presses," presented at Western States Section/The 
Combustion Institute Technical Meeting, November 1987. 
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Ross, H., Facca, L„ Tangirala, V., and Berlad, A. L„ "Particle Cloud Mixing in 

jfirSUJ S 2 8-04« AA A ' r0SPi,Ce Science Mee,i " 8 - Re "°- Nevada - 
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Scientific Support for a Space Shuttle Droplet Burning Experiment 


Princeton University 
Professor F. A. Williams 
Professor F. L. Dryer 

NAS3-24640 (NASA Contact: John Haggard, LeRC) 
November 30, 1987 - November 30, 1988 


The general objective of this program is to ascertain how best to make use of 
reduced gravity to pursue scientific investigations of droplet combustion. The specific 
objective is to provide scientific support during development of a droplet burning 
experiments that are to be carried out in the NASA LeRC drop towers and in the Space 
Shuttle. The planned experiments are intended to improve our understanding of droplet 
combustion, especially in relationship to time-dependent and extinction phenomena. 

The research tasks include theoretical modeling of droplet burning, ground-based 
experimentation on droplet burning, support to NASA in providing advice on hardware 
aspects of the flight experiment and analysis of data to be obtained in the experiment. 
The modeling addresses questions related to burning rates, to soot behavior, to 
disruption, and to ignition and extinction phenomena. Ground-based experiments are 
focused on droplet ignition and on impulses imparted to droplets by ignition sparks; 
spark designs for minimum impulse are addressed. In addition, drop tower experiments 
are addressing burning rates and mechanisms of soot production and of droplet 
disruption during combustion. The support activities include advisory participation in 
planning and in implementation of the flight experiment on droplet combustion. 


Publications 


Shaw, B. D., Dryer, F. L., Williams, F. A., and Gat, N., "Interactions Between Gaseous 
Electrical Discharges and Single Liquid Droplets," Comb. & Flame . 1988 (in press). 

Shaw, B. D., Dryer, F. L., Williams, F. A., and Haggard, J. B., "Sooting and Disruption 
in Spherically Symmetrical Combustion of Decane Droplets in Air," Acta Astron. . 1988 
(in press). 
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C. FUNDAMENTAL PHENOMENA 
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Deiennjnalign of 1 to forralation Len gt h in Helium II in a Microfraeily Environmen t 


University of Oregon 

Dr. Russell J. Donnelly 

Dr. Charles E. Swanson 

(NASA Contact: D. D. Elleman, JPL) 


The objective of this research is to assess a method of measuring the circulation 
length of helium II in space. 

The superfluid properties of liquid helium are associated with the properties of a 
complex order parameter J , which has amplitude and phase. The distances over which 
the amplitude and phase are strongly correlated are referred to as correlation i or 
coherence lengths 5 and these lengths are thought to diverge as the temperatu e A 

to build He II Josephson junctions, the scale of fluctuations near the lambda ■ 

Twhich are sludiedby Ugi. scaring,, the size of « S 

over which superfluidity vanishes near a wall, and the scale of size effec 
the lambda transition in confined geometries. 

At the present time the coherence length is known in order of magnitude, but 

Ltr ZSZ £ 3 rbesaTe 

L space is dfrecrly useful in coherence .ength measurement for the JPL space cryostat 
and the Lipa subnanodegree thermometer. 

Tasks will include bibliographic research, consulting with experts in the field, 
numerical simulation of the experiment, and preliminary experiments. 


Publications 


Homsy G M and Donnelly, R. J., "Fluid Mechanics and Fluid Physics in a Low- 
Gravity Environment," in Opportunities for Academic Re search m a Low Gravity 
Environment , Volume 108 (M. Summerfield, ed.), AIAA, 
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Cryoge nic Equivalence Principle, Exjgenmenl 

W. W. Hansen Laboratories of Physics 
Dr. C.W.F. Everitt 
Dr. Paul W. Worden 


The objective of this research is to test the equivalence of inertial and passive 
gravitational mass in an earth-orbiting satellite. Preliminary work and technology 
development is being done in a ground-based experiment which is expected to test the 

equivalence principle to a few parts in 10 13 ; a satellite version might have a sensitivity 
of one part in 10 . 


The ground-based experiment is now well developed. It consists of comparing 
the motions of two cylindrical test masses suspended in precision superconducting 
magnetic bearings and free to move along the horizontal (axial) direction. The masses 
are made of niobium and lead-plated aluminum. A position detector based on a SQUID 
magnetometer measures the differential motion between the masses. The periods of the 
masses are matched by adjustment of the position detector until the system is insensitive 
to common mode signals, and so that the experiment is less sensitive to seismic vibration. 

ie apparatus is contained in a twelve inch helium dewar suspended in a vibration 
ISO a i 1 n n u Sta u d ' The Stand achieves 30 db isolation from horizontal motions between 0 1 
u"l ’ y simulati "8 the motion of a 200 meter long pendulum with an air bearing. 
With this attenuation of seismic noise and a common mode rejection ratio of 10 5 in the 
differential mode, the ground based apparatus should have a sensitivity to equivalence 
principle violations of one part in 10 . The primary limitation is due to seismic noise. 

The earth-based apparatus will be appropriately scaled and modified for 
operation in zero gravity. The test masses will be about 10 centimeters in diameter A 
crucial difference in the orbital experiment is the effect of the gravity gradient of the 
earth on the masses. This can be eliminated by putting the centers of mass of the test 
bodies at the same location. If the centers of mass are not coincident, the resulting 
acceleration can be detected and used as a error signal for a servo loop to drive them 
into coincj^ence. The Shuttle version of the experiment should have a sensitivity of 
about 10 limited by the vibration environment and gravity gradient field of the 
Shuttle orbiter. An independent drag-free satellite is necessary for the ultimate version 

effects eXPenment WHlCh might CXCeed 3 sensitivit y of 10' 17 limited by gas pressure 


Publications 


Worden, P. W., "Almost Exactly Zero: The Equivalence Principle," Near Zero . 1986 (in 
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Lambda Poin t ExMlimmL 


Stanford University 
Dr. John A. Lipa 
Dr. William M. Fairbank 
JPL 957448 


The objective of the research 

cooperative or second order phase transi^ and the Stan ford High 

conditions on the Shuttle, the JPL SL-2 Helium 

Resolution Thermometer. . . 

Central to the study of a 

The present experiment is designe which pushes the resolution of tempera ur 

fluctuations. 

The experiment plan calls for the ^ a resolution of a 

the heat capacity of helium very near the c0 P nducted in conjunction with JPL who 

few times 10 ^ deg. This experiment measurements in space the resolution 

provides the cryoenic facility. p ® rf ° f * f about too due to the reduction of the 
of the experiment can be improved by a mu ch stronger confrontation 

hydrostatic pressure head. The me^urenrenB ear , h and perha ps as severe a 

between theory and expeirment than has b P ■ , does cast doubt on the 

° f ,he ,heory COUId ,hus have 

ouite a large ripple effect rn theoretical physrcs. 


Publications 


t n "TKp t ambda Point Experiment in t 
Lipa, J. A., Chui, T.C.P., Volume M, Advances in As.ronautical Sciences 

Microgravity,- in Aerospace Cenmy 21, vomm 
(G.W. Morgenthaler, et al M eds.), 1987, p. 

^ pj "Testing, the Renormalization Group 

T ; na T A Li Q., Chui, T.C.P., and Marek D., Test 1 g um M - n Procee dings of the 

' 988 ' N “ C ' ear PhySi “ 

B (in press). 
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Cm /fflf Ixmmm. £mmm. m. LbauL mm. miUx. Lsm. Qm in 

Duke University 
Dr. Horst Meyer 
Dr. Robert Behringer 

NAG5-379 (NASA Contact: Stephen Castles, GSFC) 


in 


Where X and T are ,he *5. colZ,Zl: Z T the P#lM (X < ’ ^ = 0.87K) 

IS approached, diverges, but gravity produces a round™^^-' AS the critJCal Point 
absence of gravity, this rounding win be suppressed * h £ dlvergence - In the 
be observed until frequency effects (from • d the . predic ted divergence should 

that give another rounding closer to T NearX llator > Should be observed 
behavior can be expected but so far tfere are „ o m ^ P ° int “ mixtures > a 
conduct a systematic study of near T Fnr tv asurement s and our program is to 
near T A (x) (that terminates at the identical poind nS 0 ?’ ? e VisCOsity of mixtures 
various concentrations 0<X<X t . No such svstematir ^ StUdied in mixtures with 

necessary to understand the trend of the singular ^ CVer been made ’ and if is 

critical" to the "identical" regime We are fn h ’ ^ rossin 8 over from the 
moving systematically towardLeasul^^^ aad - are 

such me^s^reme^^ ar^ more $ intere^ing^tha^t^ a b le t0 decide "hath* 

adaption on cryostats incorporated for a shuttle cna r^ 6 ,iquid " va P° r transition, for 
most important, are they feasible given the expert ml® ^ °" 3 $PaCe platform - And 
(long equilibrium times, temperature stability nee^e^H T “ d requirements 
end good^andidates for a flight under low gravity condhiont? 6 6Xperiments in the 

productUO wTerT 61 !? the°mas S ; ^nsYtWaTtemnf 7 ^ T t0rSi ° nal ° SCillat0r the 

transition, 5 is the total density while in 1? tempe j; atures ab ove the superfluid 

"normal" fluid). Our measurements were mtdeTfth ^ d phase i . t is the portion of the 
0.5 and 0.65 We are in tu* * „ e maae mixtures with X = 0 1 0 7 n ? n a 

and 0.03. We ll “• 

to be taken dose to T i( x), ^ «“ ^ data points 

time was spent finding and repairing some etectlv "t, considerable amount of 

- C'i ssgsz; sofware for ,he •—i' =cdurd b r.;"„ o : r PU r ssr 

wrhinsIhSThfch souTd^^i^hed^n'^^ober^Carl^Ho 11 ^^ ^ S,ar,ed 

,he sof,ware - we -«"^T?o r ?r P rr;„" r 8 aI the 

we need to test a density cSho 1 !^”^ X= ® and 003 down to 1.2K. Then 

Continuation of the (fi C ) data with those of 6 ZT give sT^fn Vh 3nd . 4K ‘ 

Then we plan to write a paper on the data cnn.tr ,? 6 T) f he vanous mixtures, 
the cryostat for extending measurement of (6 c to o^f"^ OScil,ator and modifying 
Pent. ents ot ( 5 O to 0.8K for mixtures near the tricritical 
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Publications 


Ago®, C„ Wang, S„ and Meyer, H., -TK= Shear Vtosi.y of 3 He Near the Liquid 
Vapor Critical Point," T low Temp. Phys, 67, 237 (1987). 

Wang, S. and Meyer, H„ "The Shear Viscosity of 3 He- 4 He Mixtures near the Liquid- 
Vapor Critical Point," T Low Temp. Phys. 69, 377 (1987). 

Meyer, H„ -The Transport Properties of 3 H e /» e 7n Mi "" r , s ? "'f r ' he Lambda ““ ‘ * 
Short Review and Outlook, J. Low Temp, Phys ,. _0, 


Presentations 


Mever H "The Transport Properties of 3 He- 4 He Mixtures near the Lambda Line," 
American Physical Society Meeting, March 1988, New Orleans, Invrted Paper. 

wane s Howald C and Meyer, H., "Shear Viscosity of 3 He- 4 He Mixtures near the 

Am. Phvs. So<L 22, 493 (.988), contributed paper. 
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Precise Viscosity M easurement S. Very Close to Critical Points 


National Bureau of Standards 
Dr. M. R. Moldover 
Dr, R. F. Berg 

Professor R. W. Gammon, University of Maryland 
C-86129D (NASA Contact: Dr. R.W. Wilkinson, LeRC) 
January 1, 1987 - January 1988 


The objective of the research is to measure the viscosity of a pure fluid near its 
liqu!d- vapor critical point. The space experiment will be the fourth of a series of tasks 

mixture^m theor ® tlcal studies, (2) critical viscosity measurements of binary liquid 
mixtures (3) critical viscosity measurements of pure fluids in 1-g, and (4) measurements 
“ 1 lowsravi.y We have developed a torsion oscillator viscometer and 
used it to study four binary liquid mixtures near their consolute points. 

Near the critical temperature T c the viscosity n diverges as: 

n ~ (T-T c )-y 

“ v f a nfSST binar / liquid data SetS Show that the visc °sity exponent is 
Th y . < ' , 4 s, 8nificantly higher than the theoretically predicted value of 0.032 
These result are being submitted for publication. 

. . T!! e low frequency, low shear viscometer is described in the first publication 
below. The viscometer has also been rested on a near-critical microemulsion a“d on 
liquid metal samples cooled to as low as -80 C. We are now preparing for critical 

tTerZLrT^H ent \° n T PUre fluids (C °2> and xenon > have built a new 
thermostat and a disc-shaped cell designed to contain the sample at its critical pressure 

The cell s internal height and radius are 1 and 15 mm respectively. These dimensions 

chosen t0 minimize the undesirable effects caused by shear, gravity thermal 

dl fU " V,ty V and K l0ading inaccurac y near the ^tical point. We are currently addressing 
t e issues of vibration isolation and automated temperature control. 


Publications 


^ < T9n"/v>r/i M / - R r °P po 7 unities for Low-Gravity Experiments in Critical Phenomena " 

(G A H37IT ‘ eS j C \/i C \> tC Researc ^ in a Low-Gravity Environment, Volume 108 
(G.A. Hazelngg and J.M. Reynolds, eds.), AIAA, 1987, pp. 57-79. 


Berg, R. F. and Moldover, M. R., 
Measurements," Rev. Sci. Instrum’ 


Viscometer for Low-Frequency Low-Shear 
57, 1667 (1986). 


Rate 


R \ F u ^ oldover ’ M - R -’ Rabinovich, S„ and Voronel, A., "Viscosity and Densiw 
of Two Alkali Metal Mixtures," J. Phvs. F: Metals Ph v « n, 1861 (1987) 


Berg, R. F Moldover, M. R„ and Huang, J. S„ "Quantitative 
viscosity of a Microemulsion," J, Chem. Phvs. 87 . 321 (1987). 


Characterization of the 
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MicroEravitl MatSlioll Scie nce LMboratory. 


NASA Lewis Research Laboratory 

Thomas K. Glasgow 

In-House 

February 1984 - Continuing Task 


The Microgravity Materials Science Laboratory (MMSL) was created to -serve as 
focal point for ground-based experimentation in preparation for or conjunction with 
St experiments It is open to users from industry, academia, and government The 
MMSL addresses a broad range of materials including metals, alloys, salts, glasses, 

ceramics, and polymers. 

The laboratory is equipped with a wide variety of apparatus for characterizing 
the interaction of liquids of gasses with gravity during materials processing. 
are transparent furnaces for observation of salt solidification or physical vapor transp , 
^ electromagnetic levitator for containerless melting of metals) a high pressure acoustic 
“vitator is under development for glasses and ceramics), a bulk undercooling furna« , • 
magnetically damped directional solidification furnace, a transparent isothermal dendrite 
Growth apparatus a transparent model directional solidification furnace a functional 
duohcate hYgh temperature acoustic levitator, glass melting and characterization 
P . t nolvmers preparation and characterization equipment, a metallography 
labora” ry and computational facilities for process modelling. Most of the equipment 
operates under computer control. New equipment is acquired or bu.lt in response to 
specific requests The staff includes engineers and technicians drawn divers disciplines 
Stag mechanical, nuclear, metallurgical, and welding engineering, physics, and 

chemistry. 

The most fruitful uses of the MMSL have involved interaction of researchers 
from industry with members of the Lewis Materials Divisions. Experiments underway 
bv^ab users include directional solidification of metal and salts, vapors growth of 
anisotropic crystals, phase separation in glasses and polymers growth of dendritic 

materials bulk undercooling of alloys, and computational modeling. The MMSL is also 
home to experiments to define telescience requirements, to define an advance laser light 
Scattering 6 apparatus, and to examine advance furnace technology. Potential users of the 
MMSL should request the brochure "The Microgravity Materials Science Laboratory fo 
a more complete description and application for use. 
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Grounds^Base Research Facilities 


NASA Lewis Research Center 

Jack Lekan 

In-House 

January 1, 1987 - January 1, 1988 


Several ground-base low gravity facilities are available for use at the NASA 
Lewis Research Center (LeRC). These include the 2.2-Second Drop Tower the 5- 
Second Zero-Gravity Facility, and Learjet which provides up to 20 seconds ’of low- 

dam /nd , im M Gr ° und ~ base facillt,es are used to obtain the baseline normal gravity 
data and valuable reduced-gravity data to advance the scientific understanding and 
concepts and ultimately to test prototypical Shuttle flight hardware. 

on avaifable^STS 6 15°! ShUttle fli . 8 . hts f d with the potential ^nger range limitation 
? adable STS manifest opportunities for experiments, there has been continuing 

ha^PH aS f d i ereS ! ,n f eX ? anding the micr °i r avity scientific data return from the ground 8 
ow gravity facilities at LeRC. While space experiment hardware technology 

nrnpram^h"^ K° ntinues to be an important activity in these facilities, each experiment 
Hat 8 if k been . I ' eexamined t0 determine how additional ground-based microgravity 
data might be utilized to enhance the success and value of limited space based 

befnTSUTr E,pa "f d 8 ro “"«-l>ased test program, have been defined and are 
being initiated for several experimental programs to obtain unique microgravity data 

investigation 6 Th Je iT™ models of the Processes/phenomena under 

investigation. These data and improved models will then be used to refine the final test 

atnces and experimental techniques used in the future space-based experiments. 

, , The 2 - 2 ~Second Drop Tower is utilized extensively by NASA research scientists 
and experiment designers as well as principal investigators from the academic common ty 
who are conducting research in areas of combustion and fluid physics. The 2 2-Second 
Drop Tower provides an environment in which the gravitational acceleration acting on 
an experiment is less than l' 5 g. The experiment falls 30.5 meters unguided in the 
ower. drag shield falls along with the experiment, but unattached from the 
experiment, to provide shielding from the surrounding atmosphere to reduce air drag 
The rapid turnaround time (up to 8 drops per day) and low cost make this kcilkv 
particularly attractive to research scientists. ^ 

r T 5 1S facili | y su PPorted ten programs during 1987 as 229 research drops were 
performed Nearly as many normal gravity tests were also executed. An ambitious 
experiment buildup program was also accomplished as five new experimental droo 
packages were fabricated and became operational. P 1 d op 

The Zero-Gravity Facility with its 145 meter free-fall distance and 
accompany, "g vacuum system that permits ah experiment to free-fall unguided in an 
atmosphere with a residual pressure of less than 200 microns of Hg Represents a 

ompare'd Vo" "T*” ca[>abi,i < iK experiment sophistic., ton when 

compared to the Drop Tower. Low-gravity levels of less than 10-5g’s are obtained for a 

time period of 5.18 seconds. Due to the complexity of facility operations onTy one test 

in r rf ° rmed PCr day ' Seven research programs were supported by this facility 

in 1987 as 91 experiment drops were performed. dC,my 

gravitational Revels oMrr^ h* p ™'' ides intervals of up to 20 seconds at 

g levels of 10 by flymg parabol.c trajectories. Up to six trajectories can be 


236 



performed per flight. While the effective gravity levels obtained during these maneuvers 
is not as low as those of the drop towers, the Learjet does allow investigators to operate, 
and reconfigure their experiments. During 1987 the Learjet made 22 flights and a total 
of 74 reduced-gravity trajectories were flown to obtain research data. 
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